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DIVERGENCE AND CONVERGENCE IN FISHES.! 
CARL H. EIGENMANN 
ILLUSTRATIONS BY CLARENCE KENNEDY. 

[he struggle for existence with the biological environment as 
the result of the geometric rate of increase tends to divergence in 
habit and form. It tends to divergence in habit and form by 
preserving variants whenever such possess a character diverging 
sufficiently in amount to give the variant a personal advantage 
over his fellows—always provided the divergent character is 
transmissible. 

Whether we call the diverging individuals variants in the old 
sense, or mutants in the new, it is to the selection of those among 
them best adapted to utilize the foods of various sorts, to escape 
the enemies of various sorts and to leave others similar to them 
in their place when they die that we owe the specific divergence 
in structure, shape, color, food-habits and breeding-habits of a 
given family — say the American characins. The entire process 
tends to the divergence and multiplicity of species. 

The characins are a family of fresh-water fishes that, in Amer- 
ica, range from the border of the United States to some distance 
south of Buenos Ayres. They form about one third of the entire 
South American fresh-water fauna, and have diverged in adapta- 
tion to diverse food, diverse habitat and diverse enemies to fill 
nearly every niche open to fishes. The ends of the three lines 
of adaptation to different food give us mud-eating forms, with 
long intestinal tract and no teeth; flesh-eaters with shear-like 
teeth, that make bathing dangerous to life and that cut their way 
out of nets; and conical-toothed forms, with sharp, needle-like 
teeth and comparatively huge fangs. Greater diversity could 
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scarcely be imagined, and one is lead to suspect that some of the 
forms are over-adapted. In their divergence in form they have 


reached almost every conceivable shape as we shall see in a 
moment. 

The struggle for existence with any unit of physical environ- 
ment, whether there be geometric rate of increase or not, tends 
to convergence in habit and form. There is no more striking 
instance of this than the acceptance of the annual, or decidu- 
ous, habit of most of the plants inhabiting the temperate zones 
with their seasonal changes. Reeords of the simultaneous and 
similar changes in the form in the mass of species of any area 
during changing physical conditions are not wanting. For in- 
stance, Scott says :' 

“The steps of modernization which may be observed in fol- 
lowing out the history of many different groups of mammals are 
seen to keep curiously parallel, as may be noticed, for example, 
in the series of skulls figured by Kowalevsky, where we find 
similar changes occuring in such families as the pigs, deer, ante- 
lopes, horses, elephants, etc. Indeed, one may speak with prop- 
riety of a Puerco, or Wasatch, or White River type of skull, 
which will be found exemplified in widely separate orders.”’ 

On some riffles of the San Juan river of Cuba I found a small 
fish that is very strikingly like other fishes inhabiting similar lo- 
calities in the eastern United States. The former is a goby, a 
marine form, P/ilypuus dormitator, that has become adjusted to 
the conditions found about the riffles of streams; the others are 
darters, Hadropterus, belonging to an entirely different family of 
fresh-water fishes. The similarity of various “ darters’? which 
live on the bottom of our streams to various gobies and blennies 
that occupy a similar position along marine shores has repeat- 
edly been noticed. 

In the tropics live many burrowing lizards and _ snakes. 
Rhineura, one of the lizards, lives and acts like an earthworm 
and so like an earthworm has it become that only a close inspec- 
tion reveals its true nature. Even the chickens following the 
plows in Florida and Cuba are said to be taken in by the simi- 
larity of some of the burrowing lizards to earthworms. 

1 Journ. Morphol., V., 365, 1891. 
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The characins again furnish striking illustrations. Diverging 
among themselves, as has been noted above, they have ap- 
proached, or paralleled many members of the diverse families of 
North American fresh-water fishes. Our shads and fresh-water 
herrings have their counterparts in Elopomorphus, Potamorhina 
and Psectrogaster ; our salmon are paralled by Sa/minus and Cata- 
basis; our minnows are paralleled by 7etragonvpterus and its re- 
latives. It will take but a slight flight of the imagination to 
detect the striking similarity of some of the Hydrocyninz to our 
gar pikes; our mullets are duplicated by Prochilodus ; our top- 
minnows are mimicked by Maxnostomus, and even our festive 
darters are duplicated by a member of this most remarkable 
family, Charactdium fasciatum. 

I have elsewhere given an example of convergence under the 
similar conditions presented by different caves. Troglichthys 
rosé, a blind fish of southwestern Missouri, resembles so closely 
Typhlichthys subterraneus of Kentucky that at least two natural- 
ists, expert in detecting specific differences in fishes, had failed to 
distinguish them, although below the adaptive resemblances of 
the surface there was distinct evidence that the epigean ancestors 
of the two species were generically distinct. 

A cave presents a “‘ unit of environment,”’ a little world, a mi- 
crocosm, with both positive and negative characters. 

1. This unit is well circumscribed and connected with the rest 
of the universe frequently by but a single narrow vestibule. In 


this vestibule we have a rapid graduation from external to inter- 


nal cave conditions — a region which acts as a purgatory for all 
forms that would enter the elysian fields within. 
of epigean forms never get beyond the twilight of this region. 

2. The feature that distinguishes the interior of the cave is the 
constant absence of sunlight and all which that implies. 


The majority 


(a) The absence of all green plants and consequently the ab- 
sence of all direct food-producing activity. (4) As a result of (a) 
all food must ultimately be imported. (c) As a result of (4) the 
abundance of the fauna in different caves is frequently inversely 
proportionate to the size of the cave, or directly to the ability of 


the openings to admit food to the various recesses of the different 
caves. 
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3. A feature no less striking, though varying greatly in dif- 
ferent caves, is the constancy of the temperature — the absence 
of great diurnal and seasonal changes. This differs very much 
in different caves, and we have caves in the temperate zone in 
which there is always ice —in summer as well as in winter — 
and others in which ice never forms. This difference is due to 
the shape of the cave and the accessibility of outside air in winter 
and summer. Usually seasonal changes are very slight. 

4. This unit of environment is further characterized by the 
relatively stationary atmosphere, the absence of rain, snow, or 
severe currents of air. In the deeper recesses of a cave it is 
rarely that an air-current is perceptible with an anemometer 
unless there is moving water near. In the blind-fish caves of 
Mitchell, Indiana, a current of air enters the cave above with the 
water and leaves it three quarters of a mile below with the 
water. In Little Bat avenue, one of the upper tiers of river chan- 
nels of Mammoth Cave, there is no perceptible air-current until 
the top of Mammoth dome is approached, where a perceptible 
current enters the dome, descending to the bottom of the dome 
and then ascending again to leave the dome about half way up 
by Sparks avenue. This local air-current is caused by the cas- 
cade descending from the uppermost to the lowermost part of the 
dome. 

Air-currents are most readily perceived at a cave’s entrance 
and vary with the size of the opening, the size of the cave and 
the rapidity of barometic chanyes on the outside. 

In a small cave air-currents are not strong about the entrance. 
In a large cave, such as Mammoth, where the opening is small 
the current may become a fierce gale if barometric changes are 
rapid or if the water in the cave rises rapidly. If the barometric 
pressure increases there will be an inflow of air and this will be 
proportionate to the rise of the barometer and to the size of the 
cave. If the barometer is falling there will be an outpour of air 
and the pressure on the inside or outside may be so nicely 
balanced that no current will be perceptible, or there may be a 
continued shifting of currents in or out every few moments with 


every slight shifting of outer atmospheric pressure not perceptible 


with the ordinary mercurial barometer. 
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>. What has gone before concerning the changes in light, 
heat and plant-growth in the cave in general applies to the water 
in a cave except that the total content of the rivers of a cave will 
change with comparative rapidity. With every freshet in epigean 
rivers there is a corresponding freshet in the subterranean streams. 
There must be some change in the temperature of the water in 
caves though the change is not at all commensurate with the 
changes in temperature in epigean rivers. No detailed records 
of water temperatures are at hand. 

In an environment, such as that above described, all those dif- 
ferences between related species which would strike the eye, such 
as protective coloration, recognition marks, decorations of any 
sort, etc., are absent and related species tend to look alike. 
Amblyopsis and Typhlichthys \ook alike when of the same size, 
and it was not until after a detailed examination of many speci- 
mens that I could invariably distinguish Lucefuga and Stygicola, 
the Cuban blind fishes, from each other. There are two unre- 
corded species of 7yphlichthys, differing from the only known 
species, subterraneus, in only a few inconspicuous respects. 

Typhlichthys subterraneus has been known chiefly from Mam- 
moth cave, the type having come from a well at Bowling Green, 
south of Mammoth Cave. I have repeatedly taken it at Glas- 
gow, Kentucky. It has erroneously been recorded from Mis- 
souri and Indiana, but is confined to the region south of the 
Ohio and east of the Mississippi. 

A number of years ago a single specimen of Zyphlichthys was 
sent to Indiana University from Corydon, Ind., and it was referred 


to subterraneus. Every endeavor to secure additional specimens 


has so far failed. The Corydon specimen may here be described as 


Typhlichthys wyandotte Eigenmann, sp. nov.* 

The single specimen taken from north of the Ohio River, from a well 
near Corydon, Indiana, differs slightly from those south of the Ohio, being 
somewhat more slender. The Corydon specimenis 42 mm. in length from 
the tip of the snout to the base of the caudal, and other measurements are 
as follows : Head in length of body to base of caudal, 324 ; width of head 
in length of body 6%, 1% in its own length; distance from posterior 


*This specimen has been recorded as Typhlichthys subterraneus Eigenmann, 
Proceedings Indiana Academy of Science, 1898 for 1897, 230 (Corydon, Indiana). 
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margin of the skull to the front of the first dorsal ray, 16 mm. ; front of 
dorsal to middle ray of the caudal, 17 mm. First anal ray nearer base of 
middle caudal ray than the anus. Specimens from about Mammoth Cave 


42 mm. long, measure as follows : Head 3 to 3 in length of body ; width 


Fic. 2. Dorsal view of the same. 


of head in length of body, 5, 1} to 13 in its own length ; distance from the 
base of the skull to the first dorsal, 15 mm. ; front of dorsal to middle ray 
of caudal, 17% mm. First anal ray about equidistant from the base of 


the middle caudal ray and the anus. 


The second new species may be described as 
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Typhlichthys osborni* Eigenmann, sp. nov. 


November 29 to December 2 a large number of 7yphlichthys were ob- 


tained. Five from Mitchell’s cave at Glasgow representing sudbferraneus 


Fic. 4. Dorsal view of the same. 

All the figures show the tactile organs of the head and their mode of arrangement. 
The general outlines and the arrangement of the tactile organs are from camera 
sketches, the number of tactile organs are from actual counts. The differences in 
the eye region can be but faintly indicated in the drawings. 


and forty-two from Horse Cave. Both these localities are on the L. & N. R. 
R., not far from the Mammoth Cave. The specimens from the two locali- 


* To Henry Fairfield Osborn of the American Museum of Natural History in recog- 
nition of his interest in the zodlogy of the interior of the United States. 
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ties differ strikingly while alive. In the Horse Cave specimens the head is 
pointed, the cheeks puffed, the eye spaces show conspicuously as white 
spots and bulge out like a rounded dome, the fatty masses above and 
below on caudal peduncle are conspicuous and white. They measure 
20-50 mm. 

The specimens from Glasgow have the eye-spaces inconspicuous, not 
protruding, and the caudal fatty masses are inconspicuous. ‘The largest 
specimen from Horse Cave agrees with these in most respects. 

These specimens were put into two aquaria with siphon overflow of 5 
and 10 mm., into acommon central aquarium. The specimens readily 
moved through the siphons from one to the other. One specimen had 
traversed both siphons in between two and three hours. 

Che Horse Cave specimens stay under leaves, etc., in their aquarium. 
Those from Glasgow swim about more. 


The characters of the three known species of 7yphlichthys may 


be summarized as follows: 


(a2) Width of head more than 6 in the length to base of caudal; length of head 32% ; 
first anal ray nearer base of middle caudal ray than to the anus...cwyandolte. 
(aa) Width of head 5 in the length to base of caudal; length of head 3-32; orbital 
fat-mass elongate, inconspicuous in life, not projecting ; cheeks little swollen ; 

eye on an average .16 mm. in diameter, the smallest measures .14 mm. 
ublerraneus, 
(aaa) Width of head 4% in the length to base of caudal; length of head 3%; orbital 
fat-mass round and very conspicuous in life, projecting dome-shaped beyond 
contour of surrounding parts; cheeks much swollen; eye less than .10 mm. 


in diameter ; ...osborni, 





THE RANK OF NECTURUS AMONG TAILED 
BATRACHIA.' 


B. F. KINGSBURY. 


During the years 1901-1903, I had the opportunity of ex- 
amining in the Anatomisches Institut of Freiburg i/B., a large 
number of series through the head of Necturus, Spelerpes (larval 
and adult) and Desmognathus (larval and adult). I was im- 
mediately struck by the very close resemblance between the 
larval Spelerpes and Necturus, and drew up the following table, 
which it seems to me possesses sufficient value to warrant its 
publication with brief comments. I have rendered it more com- 
plete by including in the comparison other forms which must 
necessarily be considered in this connection, 7. ¢., Axolotl, Siren, 
Typhlomolge. /roteus of course agrees with Vecturus in all 
essential points. In addition to information gained from speci- 
mens, I have made use of the papers of Wiedersheim,’ Parker, 


Cope’ and Stejneger.° Especially valuable will. be further in- 


formation as to the cranial characters of 7yphlomolge. Further 


work on the cranial anatomy of Siren and the Axolotl would 
also be important for such a comparison as the following. 
Many, perhaps most of the facts presented below are already 


known but I think their significance is not sufficiently recognized. 


'T shall use the term ‘‘ Urodele’’ and ‘* Urodela,’’ as synonymous with ‘* tailed 
Amphibian ”’ in this paper, although I realize that such a usage is not quite correct. 
2 77. Wiedersheim, R., ‘* Das Kopfskelet der Urodelen.,’’? A/orph. /Jahid., Bd. 
ILI., pp. 352-548. 
‘°77. Parker, W. K., **On the Structure and Development of the Skull in the 
Urcdelous Amphibia,’’ Pt. 1., PAtlos. Trans. Roy. Soc., Vol. 197, Pt. 2. 
S20. /bid., **On the dtructure and Development of the Skull in the Urodeles,’’ 
Soc. London, Vol. XI., pp. 171-214. 
’, **On the Morphology of the Skull in the Amphibia Urodela,’’ 
Trans. Linn. Soc., Ser. 2, Vol. II. 
‘Cope, E. D., ** The Batrachia of North America,’’ Bud/. U. S. Nat'l. Museum 
No. 34, 1889. 


5 Stejneger, L., ‘*Description of a New Genus and Species of Blind Tailed 
Batrachian from the Subterranean Waters of Texas,’’ Proc. U. S. Nat'l. Museum, 


Vol. XXVIII. 
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[he first five bones mentioned in the above table need no com- 
ment since they are universally present. Of the other “ roof 
bones’ of the Urodele skull, the nasals and prefrontals which 
are present in the gill-less adults, are completely lacking in Nec- 
turus and in the larval Spelerpes, and seem to be absent in the 
larve of other forms (as ¢. g., Diemyctylus, Parker, 82a, p. 178) 
or but slightly developed (Sa/amandra, Parker, 826). Quite 
characteristic is the occurrence in the larva of Urodela of a Ptery- 
go-palatine (or palato-pterygoid) extending from the ventral side 
of the quadrate cartilage to the roof of the mouth where as the 
palatine portion, it is typically tooth-bearing. In the adult gill- 
less forms, the palatine portion becomes separated from the ptery- 
goid portion and fused with the vomer forming a new osseous 
skeletal unit, the Vomero-palatine. The Pterygoid portion may 
be absorbed completely, or remain as a distinct bone, the 
Pterygoid. 

The Maxillare is lacking in the larval forms or if present, as it 
seems to be in advanced Amd/ystoma larve and the Axolotl, it is 
but weakly developed. In all gill-less adult Urodela it is present. 

The quadrate in Necturus is peculiar. The lower end, which 
articulates with the mandible is ossified, while the body of the 
Quadrate and the otic, trabecular and basilar processes remain 
cartilaginous. Ossification first appears in a bone, which I call 
here bone ‘‘ X’’' upon the upper (dorsal) surface of the quadrate 
cartilage, slightly before hatching. It appears to be at first 
entirely distinct from the cartilage. The lower end soon becomes 
closely applied to the quadrate cartilage and finally fused with it. 
From this (as a center?) a zone of ossification spreads inside and 
outside around the lower end of the cartilage, forming a ring of 
bone. It was interesting to find in the larval Spelerpes a precisely 
similar method of ossification, identical, it seemed, in all respects 
with that in /Vecturus, save that the primary ossification was more 
closely associated with the cartilage. In the larva, the ossifica- 
tion does not proceed beyond the stage found in Necturus. The 
bone “x”’ codssifies at its distal end with the lower end of the 
quadrate, but proximally is free from it. In the adult Spelerpes, 


'Cf. Kingsbury, B. F. ‘* Columella Auris and Nervus Facialis in the Urodela,”’ 


Journ. Comp. Neurol., Vol. XU11., No. 4, 1903. 
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the entire quadrate cartilage, with the exception of the articular 
surfaces, has become ossified, with the formation of a marrow 
cavity, and the primary ossification, bone “x,” is no longer dis- 
tinguishable as a distinct structure. In how far this same mode 
of ossification prevails among Urodela, I cannot say, but I believe 
from examination of Ambdlystoma, Amphiuma and Desmognathus, 
quite generally. 

A cartilaginous process of the quadrate is quite generally found 
in Urodela extending forward toward the antorbital process of 
the chondrocranium, forming a “ pterygoid arch’’(?). Its absence 
in Necturus is noteworthy. It is also absent in the larva of Spe/- 
erpes, and I believe, most larval urodeles, developing at transfor- 
mation. Examination of the sections strongly suggested that in 
both larval Spelerpes and Necturus, it was present in a “ pro-car- 
tilaginous”’ form. 


The Nasal capsule in Necturus (and Proteus) is quite unique, 


fenestrated, thin, imperfect, without cartilaginous or bony con- 
nection with the chondrocranium. Inthe larval Sfe/erpes it is 
absent, developing at transformation. 

In the lower jaw, there are comparisons of interest. Briefly 
stated, the mandibles of Necturus and of the larval Spelerpes are 
directly comparable. Each consists of three bones, dentare, oper- 
culare (spleniale ?), and angulare together with Meckel’s cartilage. 
The angulare seems slightly fused with the articular head of 
Meckel’s cartilage in both ecturus and the larval Spelerpes. It 
extends back, forming the “angle” of the jaw, and to its caudal 
end attaches the mandibulo-hyoid ligament. In the adult Sfe/- 
erpes this bone and the head of Meckel’s cartilage are codsified, 
forming one bone, which perhaps should be termed articulo- 
angulare, though I believe that the ossification proceeds from the 
angulare and is at first distinct from the cartilage, in a manner 
entirely comparable with the ossification of the articular end of 
the quadrate cartilage. The operculare, a bone present in larval 
and absent (always ?) in adult gill-less life, is, interestingly enough, 
present in Necturus. As to its fate in the adult (gill-less), there 
is at present, I believe, no satisfactory evidence. I do not believe, 
however, that it becomes fused with the angulare. 


The statements of the relation of muscles, ligaments and nerves 
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can only be given in general, as my notes fail me for details. 
The nerves especially indicated are the V. and VII., and the 
muscles, the muscles of the jaw, hyoid, and branchial apparatus. 
I regret also that the table is incomplete in the important point— 
the relations of the branchial arches—so that I cannot state def- 
initely whether there is complete correspondence, 7. ¢., whether 
the relations of the second basibranchial and the three epibranch- 
als, are the same or not in the two forms. 

As cranial characters peculiarly associated with the larval state, 
are to be mentioned: 

1. Presence of a pterygo-palatine and absence of a vomero- 
palatine. 

2. The absence of prefrontals (and nasals). 

3. The absence of a processus pterygoideus quadrati (cart. ). 

4. The absence of a maxillare. 

5. Presence of an operculare (spleniale). 

All of these characters Necturus possesses, and in addition, 
closely resembles the larval Spederpes in (a) the state of ossifica- 
tion of the quadrate, (4) the ossifications in the mandible, and (c) 
less clearly, in the rudimentary development of the nasal capsule. 

Four possible interpretations of the structural characters men- 
tioned above, and the systematic position of Mecturus, may be 
made. (a) ecturus is a permanent larva, (0) it is a degenerate 
form. (c) It is a generalized or low form and (d) the possibility 
should also be considered that Necturus owes the structural char- 
acters of the skull in which it resembles larval urodeles, to the 
fact that both are living under very similar conditions of environ- 


ment—that these characters are in some way connected with 


the branchial respiration and aquatic life of the form, and repre- 
sent an adaptation, and adjustment to the environment. 


In favor of Mecturus as a permanent larva stand the larval re- 
semblances enumerated above. Circumstantial support for this 
view is also given by the generally accepted fact that the gilled 
Axolotl (Siredon pisciformis) is a permanent larval form of a 
species belonging to the genus Amdlystoma. 

The statement in Cope’s Batrachia, still holds good, I think. 
No one has accomplished the transformation of the Mexican 
Axolotl. On the other hand, the larvae of Amdlystoma tigrinum 
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often grow' to enormous size, and undoubtedly are sexually ma- 
ture while still possessing the larval form (Cope, Osborne’), so 
that the evidence is good that the Axolotl is a permanent larva. 

A tendency to superlarvation seems to exist in other families 
of tailed Amphibia. Sje/erpes larve attain a length of 60 mm. 
and I believe an age of two or three years before transforming. 
Small adults are often of smaller size. Gyrinophilus porphyriticus, 
of the same family, attains a length of twelve centimeters before 
undergoing transformation. The Museum of Cornell University 
contains such a specimen, together with adults fourteen centi- 
meters long. 

Were the interpretation of Vecturus as a permanent larva to 
be seriously accepted, there is no existing form to which it could 
be related. As far as cranial characters go, the Plethodontide, 
(e. g., Gyrinoplilus) are temptingly adapted for serving as the 
transformed kinsmen. However, one very important feature, ab- 
sence of lungs, of course excludes them from consideration. 

The evidence that Vecturus is a degenerate form, seems to me 
very slight. There is no reason for regarding the absence of 
prefrontal, nasal, and maxillary as indications of degeneration. 
The imperfect condition of ossification about the mandibular artic- 
ulation also does not seem to me to indicate degeneration. The 


chondrocranium is much “ reduced”’ in extent: the trabeculz 


delicate, the basilar plate imperfect, the nasal capsule incomplete 


—all of which suggests a reduction from the more usual urodele 
type. But the place of the chondrocranium has been taken by the 
bony elements of the skull. The parasphenoid surrounds the 
cephalic end of the notochord, the frontals and parietals come 
down to the parasphenoids to complete the side walls of the 
cranial cavity, so that there is formed a very strong firm skull. 
From one point of view, perhaps, were Necturus regarded as a 


1’93, Powers, J. H., ‘* The Cause of Acceleration and Retardation in the Meta- 


morphosis of Amélyitoma tigrinum,; A Preliminary Report,’ Am. Na?., Vol. 
XXXVII., pp. 385-410. 1903. 

2’90, Osborn, H. L., ‘** A Remarkable Axolotl from North Dakota,’’ Am. Naz., 
Vol. XXXIV., pp. 551-562. 1900. 

’o1, Joid., **On Some Points in the Anatomy of a Collection of Axolotls from 


Colorado and a Specimen from Northern Dakota,’’ Am. Nat., Vol. XXXV., pp: 
887-897. 1901. 
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permanent larva, the fact of superlarvation might itself be re- 
garded as an indication of degeneration. The failure to undergo 
‘transformation could be interpreted as, in a sense, arrested de- 
velopment —a form of degeneration. 

The evidence that Vecturus is a low form, seems to me quite 
as tentative in character as that in favor of Necturus as a perma- 
nent larva. Cope has placed Necturus and Proteus in an order, 
the Proteida, as the lowest of the tailed Amphibia, giving as the 
critical character the presence of an intercalary bone, relating 
it to the extinct Stegocephali. Examination of series through 
the skull, however,’ shows no such bone present. Apparently 
what was regarded by Cope as an Os intercalare (Epioticum) is 
the backward extension of the caudal ossification of the ear cap- 
sule (opisthotic?). From examination of figures (no specimens 
of Stegocephali have been seen by me), the intercalary seems to 
be a dermal bone and not a part of the ossification of the ear 
capsule. The ossification in this region is peculiar, consisting, in 
Necturus of a cephalic ossification (prootic ?), and a caudal (opis- 
thotic?) which perhaps spreads to it from the exoccipital arch. 
The homology of the ossifications in the ear capsule in Amphibia 
as elsewhere, I judge to be in a very unsatisfactory state at pres- 
ent, and even though the Os intercalare belonged to the bones 
of the ear capsule, it would not be of value in determining the 
rank of Vecturus until more is known of the mode of ossification 
in other tailed Amphibia. 

So far as the skull is concerned, the real characters which 
must be considered in placing Necturus low among tailed Am- 
phibia, are, I believe, the same as those which, differently inter- 
preted, afford evidence of Mecturus as a permanent larva, 7. ¢., 
the absence of prefrontal, maxillary, etc. If we interpret the 


larval stage as representing in ontogeny a stage through which 
the species has passed in its deveiopment, then larval characters 
can be regarded as primitive, and Necturus as a primitive form. 
Aside from the general question of “ Ontogeny an Epitome of 
Phylogeny,” such an interpretation of the larval stage is not 
entirely satisfactory ; there are some features that suggest that 


'There were included specimens 16 mm. long up to an individual 20 cm. in 
length. 
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it may be an adaptation. Furthermore, the ‘ancestor of the 
Amphibia” would not be expected to be a form with a reduction 
in the number of cranial bones, but rather the reverse. . 

It would seem to me worth while to compare other parts of the 
anatomy of .Vecturus with the larval and adult forms of other 
urodeles, to see whether there too similar larval characters are 
to be encountered. 

What applies to .Vecturus applies to other gill-bearing forms. 
If Stredon pisciformis never transforms and is yet regarded as a 
permanent larva, there is no good reason known to me why 
Necturus should not be also considered in the same light. Of 
the other forms Proteus, of course, agrees with Vec/urus in all 
essential characters. Zyph/omolge will probably resemble these 
two when its skeletal characters are made known. Mr. Stej- 
neger in his description of the form says that the maxillary bone 
is absent and that an intercalary seems to be present. Mr. Lucas 
is working upon the structural features of the skeleton. His 
results have not been published as yet, I believe, and will be 
awaited with interest. Szren has been regarded by Cope as a 
larval form by retrograde metamorphosis. It resembles an 
‘ideal larva” in three of the characters given above — absence of 
a vomero-palatine, absence of prefontals, absence of a maxillare. 

I believe that the characters in the cranium of Necturus that 
are discussed here are those that are also characteristic of the 
larva of many tailed Amphibia, especially so of certain forms 
(family Plethodontidz), and that the acceptance of Vecturus as 
a permanent larva best explains at present these features. 

It is recognized that there are objections to be met. Necturus 
probably can never be made to transform so that proof cannot 
be furnished. There is no gill-less adult salamander whose larve 
Necturus so closely resembles as does Siredon pisciformis the 
Amblystoma larva. Necturus, Proteus and possibly Typhlomolg: 


are very closely alike in structural features, are sexually mature, 


and occur in different parts of the world. One would not expect 


them to be permanent larve. 
An attempt to reach a closer decision leads to a study of 


metamorphosis in the Amphibia. 


CORNELL UNIVERSITY, ITHACA, N. Y., 


October 12, Ig04. 





A NEW MYZOSTOMA, PARASITIC IN A 
STARFISH. 


WILLIAM MORTON WHEELER. 


Mr. Walter K. Fisher, editor of Zhe Condor, recently sent me 
a .VWysostoma which he took from the ccelomic cavity of a new 
species of starfish, Zosta (Pentagonaster) leptoceramus Fisher, 
from Station 4427 off the coast of southern California. The 
starfish is an extremely flat species and the myzostome was situ- 
ated in one of the interradial areas, near the gonad, where the 
body of the host was only 1.5 mm. thick. The parasite ap- 
peared to be loosely fastened to the ccelomic epithelium by one 
end and was greatly flattened, in adaptation to the narrow body- 
cavity of the starfish. 

Comparison of the specimen with the descriptions of the only 
other known starfish Mysostoma (M. asteri@) shows so many dif- 
ferences that I do not hesitate to regard the Californian species as 
distinct. J. asterie, originally descnbed by von Marenzeller,' 
occurs in an hypertrophied portion of the digestive tract in the 
base of one of the arms of certain small starfishes (Asverzas 
richardt E. Perr. and Stolasterias neglecta E. Perr.) that have 
been dredged from a depth of 160-710 meters in the eastern 
Mediterranean.” A very careful anatomical and histological study 
of this species has been recently published by von Stummer- 
Traunfels * so that it is an easy matter to compare the Californian 
with the Mediterranean species. 


MyYZOSTOMA FISHERI sp. nov. 


The specimen is white. It resembles J/, as¢eri@ in size and form, being 


elliptical and broader than long. It measures 6 mm. in length and 8.5 


‘* Myzostoma asterié n. sp., ein Endoparasit von Asterias-Arten,’’ Anzeig. &. 
Akad. Wiss. Wien., No. 18, Juli, 1895. 

“von Marenzeller, E. ‘* Berichte der Kommission fiir Tiefseeforschungen, X VI., 
Zoolog. Ergebnisse. V. Echinodermen,’’ Denkschr. d. math. naturw. Kl. a. k. 
Akad. Wiss. Wien., 62 Bd., 1895, pp. 123-148, 1 Taf. 

*«* Beitrage zur Anatomie und Histologie der Myzostomen : I. Myzostoma asterize 


Marenz.”’ Ard. a. d. Zool. Inst, zu Graz, 6. Bd., No. 8, 1903, pp. 263-363, Taf. 
34-38. 
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mm. in breadth. The dorso-ventral diameter is only 0.5 mm., and is 
rather uniform both in the center and at the edge of the body. There are 
no traces of cirri along the somewhat undulating margin. The five pairs 
of parapodia (fm.) are very small and vestigial. They are neither re- 
tracted nor do they project above the ventral surface of the body, although 
they have distinct setz. The lateral organs (‘‘segmental sacs’’) are very 
smal', but clearly developed. A ninth unpaired organ could not be de- 


wwe. 


Fic. A. Aysostoma fisheri sp.nov. Ventral aspect. m., mouth; £/., pharynx ; 


g.d., gut diverticulum ; ¢., cloacal orifice (on dorsal surface); /.0., lateral organ ; 


pm., parapodium; fz., penis; @.¢., ductus ejaculatorius ; @.v.d., anterior vas de- 


ferens ; f v.d., posterior vas deferens; v.¢., vas efferens; ¢.f, testicular follicles ; 


0.U., OVaries ; 0., Mature ovum. 


tected. The oral orifice is on the ventral surface and rather near the an- 
terior margin, the cloacal orifice on the dorsal surface a short distance be- 
hind the center of the body. The pharynx is well developed, the stomach, 
or succeeding portion of the alimentary tract, is very long and gives off on 
either side near its posterior end two main gut diverticula. These subdi- 
vide near their bases and again near their tips(g.d.). All these diverticula 
are robust, well-developed and extend to very near the margin of the body. 
The ovary (07’.) is located in the body cavity, to the floor of which it is at- 
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tached, on the dorsal surface of the stomach, It is in a very active stage 
of proliferating the cell-triads (young odcytes with their attendant nurse- 
cells). It is a single, unpaired organ of somewhat irregularly cruciform 
outline when seen in the entire stained and cleared specimen. The body- 
cavity which is developed only on the dorsal side of the gut-diverticula and 
accompanies them in their ramifications, contains numerous ova (@.) in all 
stages of growth, attached to the much flattened peritoneal epithelium. 
The male reproductive organs present a very interesting structure and are 
in different stages of development on the two sides of the body. On the 
left side (right side of figure) these organs are highly developed and in 
full activity, whereas on the left they are much atrophied. Each consists 
of a penis ( fm.) which has the form of a small conical papilla on the left, 
but has all but disappeared on the right side, a ductus ejaculatorius (d.e.) 
which extends medially and divides into a shorter anterior and longer pos- 
terior vas deferens (a.v.d. and Z.v.d). Each of the vasa deferentia again 
divides into slender vasa efferentia (v.e.) which terminate in the testicular 
follicles (7. f.), well-developed and still containing mature spermatozoa on 
the left side of the body, but exhausted and vestigial on the right. The 
ducts and nearly all the follicles are situated on the ventral side of the gut- 
diverticula. The specimen may be interpreted, in conformity with my 
views on the sexual phases of Myzostoma, as about to pass from the func- 
tional hermaphroditic to the purely female adult stage.! 

The nephridia, ‘‘ uterus’’ and cloaca resemble the corresponding struc- 
tures in AZ. asterig as figured by von Stummer-Traunfels (Taf. 34, figs. 
4-9). The short, curved nephridia open on either side by means of dis- 
tinct nephrostomes into the ‘‘ uterus’’ (median body cavity) and by means 
of their nephridiopores into the cloaca, there being no unpaired end-piece 
as in some other species of Mysostoma. The cloaca is, however, much 
shorter than in M7. asterie@. The ‘‘uterus’’ opens into it very near its 
orifice on the dorsal surface of the body. The lateral organs also resemble 
those of 7. asteriz in histological structure. The musculature of the 
body and parapodia is very feebly developed, but the mesenchyma of the 
tormer is abundant. The ventral nerve-ganglion lies in the middle of the 


body beneath the stomach as in other myzostomes. It, too, is very small 


compared with the nerve-ganglion of J. aséeria. 


' These views on the protandric and hysterogynic nature of Afyzostoma, advanced 
in my papers entitled : ‘* Protandric Hermaphroditism in Myzostoma,’’ Zoo/. Anzeig., 
No. 447, 17, Jahr. 9, pp. 178-182; and ‘‘ The Sexual Phases of Myzostoma,’’ A/itth. 
Zool. Staz. Neapel., 17 Bd., 2 Heft, 1896, pp. 227-302, Taf. 10-12; gave rise 
some years ago to an unpleasant controversy with John Beard, who persisted in main- 
taining the existence of complemental males among the Myzostomide. It is a great 
pleasure, after the lapse of a decade, to find that my views have been completely con- 
firmed by so careful an investigator as von Stummer-Traunfels. In a forthcoming 
paper on several new species of Afyzostoma I shall produce still further proof of the 
correctness of my contention. 
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It is evident that JZ. asteri@ and M. fisheri are in many respects 
much more closely related to each other than to any other de- 
scribed species of the genus. Both species agree in the 
flattened, transversely elliptical form, complete absence of cirri, 
diffuse ramification of the male reproductive organs, position of 
the ovary and cloacal orifice, structure of nephridia, etc. On the 
other hand, they differ in the following important characters : (1) 
M. fisheri is white, whereas Asteriz is buff-colored ; (2) the para- 
podia of the former species do not project above the surface of 
the body and are very much smaller than they are in the latter ; 
(3) the lateral organs, too, are very much smaller in /shert than 
in asterie and there is no ninth unpaired organ in the former 
species ; (4) the pharynx of fisheri is much longer, the mouth 
nearer the anterior edge of the body; the gut diverticula are 
more robust and less branched at their tips; (5) in asterz@ the 
testes and their ducts are very differently arranged. They are 
not largely confined to the posterior half of the body, the ducts 
are much more robust than the terminal follicles (to judge from 
v. Stummer-Traunfels’ Fig. 10, Pl. 34) and there are not two 
main vasa deferentia ; (6) the ovary of asterie is paired, that of 
jisheri unpaired ; (7) the Mediterranean species lives in the ali- 
mentary tract, the Californian species in the body cavity of the 


starfish. In this respect fisheri is quite unique among the known 


myzostomes. The other species of the group are either free 
ectoparasites on crinoids, like J/. cirriferum, or inhabit the 
pharynx of their host (JZ, pulvinar) or its gut diverticula (JZ. 
asteri@) or live in cysts or galls which they produce in its body 
wall or skeleton (JZ. cysticolum et al.). In his letters Mr. Fisher 
is quite explicit in regard to the position of J/ fisheri in the 
coelomic cavity of its host, so that there can be little doubt 
about the fact. 


AMERICAN MUSEUM OF NATURAL History, 
Oct. 27, 1904. 





A SIGHT REFLEX SHOWN BY STICKLEBACKS. 
WALTER E. GARREY. 


The casual observer of the aquaria of the United States Fish 
Commission at Woods Hole, Mass., always evinces considerable 
interest in the behavior of the schools of sticklebacks (Gaster- 
osteus bispinosus) which are exhibited annually, the attention be- 
ing attracted by the very characteristic way in which these little 
fish swim about. During the summer of 1900, while at the 
Marine Biological Laboratory, the author made some observa- 


tions bearing on these movements and extended them during the 
summer of 1904.' 


In walking past the aquarium it was noticed that all the fish 
were oriented with the long axes parallel and that the whole 
school swam in a course parallel to, but in a direction opposite 
to that of the moving observer. When the observer stops the 


fish may also stop, but usually continue swimming in the same 
course, although at a slower rate, till they reach the end of the 
aquarium, where they usually remain as long as the observer is 
quiet. Ifthe observer retraces his steps they again orient them- 
selves and swim back to the other end of the aquarium. At first 
sight this looks like simple fright with movements limited by the 
walls of the aquarium, but this is not the case as the following 
experiments will show: 

If the observer remains stationary opposite the center of the 
aquarium and moves some object, preferably a white one held in 
the hand, horizontally, the little fish at once respond, show a 
most beautiful orientation and movement, slow and uniform, 
opposite to that of the moving object. This movement can be 
arrested at any instant, or the path of motion completely reversed 
by moving the light object in the opposite direction. This 
reversal may be produced when the fish are in the center of 
the aquarium and has no relation whatever to the walls of the 


aquarium. 


'T wish to thank the research staff of the Fish Commission for placing the aquaria 
at my disposal. 
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In Fig. 1 the rectangle represents the face of the aquarium ; 
the large arrows indicate the direction of the stimulating object, 
and the smaller arrows represent the fish, showing their orienta - 
tion and direction of movement. 

It makes no difference whether the moving object is anterior 
to the fish (A) or posterior (4), their orientation is the same. In 
the former case they move parallel too and toward the object, in 
the latter case away from it. 

By getting above the aquarium it was determined that the 
fish react in the same way to objects moving in that plane. 











A flounder was introduced into the aquarium and swimming 
on the bottom beneath the sticklebacks produced the character- 
istic reflex. 


Almost any variation of these movements may be induced by 
appropriate movement of the stimulating object, for example the 
fish can be driven from the upper right hand corner to the lower 
left hand corner by moving the object in the opposite direction. 

By moving the object in a vertical direction the normal hori- 
zontal path can be changed up or down at will and it makes no 
difference whether the stimulating object is anterior or posterior to 
the fish. Figs. 2 and 3 show the deviation of the horizontal path. 

If the stimulating object be moved slowly in this experiment 
the path is changed deliberately, but when the stimulus is rapid 
the fish may shoot in the new direction with great alacrity. A 
horizontal movement above the fish and at right angles to their 
long axes results in a deviation of their course, either to the right 
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or to the left, according to whether the stimulating object be 
moved to the left or to the right respectively. Figs. 2 and 3 
illustrate this feature also, if the rectangle represent the top of 
the aquarium instead of its face. 

By using two moving objects for the purpose of stimulation 
the most fascinating manouvers may be elicited. A group col- 
lected at the center of the aquarium (Fig. 4, 0) may be broken 
into two platoons which move toward the ends when the stimu- 
lating objects approach the center from opposite directions. 
These platoons may be made to turn up or down, to face about 


and by quickly moving the stimulating objects out from the 
center to charge upon one another and intermingle at the center 
again (Fig. 5). These reflex acts are most striking in their regu- 


larity and are executed with a military precision which never fails. 

Another experiment may be performed as follows: The school 
of fish is brought to the center of the aquarium and the stimu- 
lating object is moved horizontally toward or away from it. In 
the former case some of the fish dart swiftly away to the back of 
the aquarium as if in fright, the others turn some to the right 
others to the left, thus forming two platoons as in the previous 
experiment, but when the object again recedes they swing about 
and collect in the center. In this experiment the animals which 
are in a direct line with the moving object are the ones to scurry 
away, but those outside this line are stimulated as if by some 
lateral change in the position of the moving body. 

That there may be such an apparent lateral change can be 
seen by a glance at Fig. 6, in which the movement of an object 
from A to B has an apparent lateral motion, for example from C 
to B if viewed from a point outside the line of actual motion. 


The fish is stimulated accordingly and oriented as indicated in 
the diagram. 
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A study of the orientation of any individual fish gives the 
following result: When a fish is headed exactly toward the 
moving object a movement in any direction may be elicited, up, 
down, or to either side, by simply moving the object in a direction 
opposite to that which it is desired to make the fish take, as is 
indicated in Fig. 7,@. If the fish’s long axis forms an angle with 


the line of motion of the stimulating object, the direction of turn- 


ing in assuming its reflex orientation will depend upon which way 
the animal is heading. If it has somewhat the “ anti’’-postion 
with reference to the motion (Fig. 7, 4) it. will turn further into 
that position until its axis is parallel to the line of motion, but if 
it has the “ homo’’-position (Fig. 7, c) the reaction is not so 
certain. The fish will of course be oriented as we have already 
described, but it usually backs off in a hesitating way and may 
then turn in either direction as is indicated by the two arrows, 
usually however it turns in the longer arc of a circle as is indi- 


cated by the arrow at x, at least this is usually the case when 
the stimulating object is moved quickly. With a slower motion 
the fish usually moves through the shorter arc just as is indicated 
in a and 4, Fig. 7. 

The reactions of a number of kinds of small fish were tested 
among them /undulus margalis, Fundulus heteroclitus, small eels 
and young sea robins, but without eliciting the reflex. Young 
mackerel however behaved in a manner very similar to stickle- 
backs, but the reactions were not so precise.’ 

1 This reflex of sticklebacks is not invariably nor even easily obtained in small 
aquaria; the aquaria of the Fish Commission are about six feet long. Dr. Gaylord 
Clark informs me that he has tested sticklebacks for this reaction in the open water 


off the wharves, with positive results. 
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This reflex is, on the whole, most striking in its simplicity, but 
it is none the less puzzling for it might seem from the above ex- 
periments that the sticklebacks, and probably some other kinds 
of fish, form an exception to the quite general rule among ani- 
mals, that by a ‘‘compensatory motion ’’ of either the eyes, head, 
or whole body, the visual field is kept relatively constant.' 

To test the validity of this view several kinds of fish were ex- 
perimented with in order to determine their reactions to changes 
in the visual field. 

1. Sticklebacks among other fish were placed in a cylindrical 
glass vessel which was suspended from above. Beneath and fit- 
ting quite closely about this aquarium was placed a cylindrical 
galvanized iron dish resting on a turn-table. The interior of this 
iron dish was striped alternately black and white. When this 
visual field was rotated the fish were very definitely oriented and 
swam with it, although the aquarium and water remained station- 
ary. The fish made the compensatory effort to keep the visual 
field constant. 

The animals were placed in the same cylindrical aquarium 


and the water set in motion by a gentle circular motion of the 


hand the idea being to simulate the classic turn-table experi- 


ments. As a result the animals headed up stream (rheotropism). 
Their efforts were materially increased by rotating the visual field 
opposite to the moving water, or they could be brought to rest so 
that they floated with the stream by rotating the field at about 
the speed of the moving water and in the same direction. Dr. 
Lyon was at the same time conducting experiments on rheotro- 
pism and by several most ingenious methods demonstrated an 
orientation where no current existed and where the reaction was 
produced only by a changing visual field.” Most of the fish he 
tested showed the same tendency to keep a constant visual field. 
The results of these experiments seem at variance with those 
set forth in the first part of this paper, but there is this difference 
to be noted. The reflex depends upon a stationary visual field 
with the stimulating object moving before this background, a fact 
which offers a possible explanation of the peculiar reflex. If 
'E. P. Lyon, American Journal of Physiology, 1899, 111 
7E. P. Lyon, American Journal of Physiology, 1904, XII1., p. 153. 
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we fix the eyes on any near object which is then moved, the 
whole visual field has an apparent motion in the opposite sense. 
Seated in a moving car our eyes follow the near objects as they 
are passed, but the azstani landscape appears to revolve in a direc- 
tion with the moving train. As a tentative hypothesis it may be 
assumed that in our experiments the moving stimulating object 


fixes the attention of the fish, the apparent motion of the visual 


field as a whole is then in a direction opposite to that of the 
moving object. This apparent motion may be the determining 
factor in causing the orientation and movement which is the 
essence of this peculiar reflex shown by sticklebacks. 
PHYSIOLOGICAL LABORATORY, COOPER MEDICAL 
COLLEGE, SAN FRANCISCO. 





THE PHYSIOLOGY OF LOCOMOTION IN 
GASTEROPODS. 


A, J. CARLSON, 


While studying the physiology of the molluscan heart I inci- 
dentally observed in the snail a mode of locomotion which would 
seem to explain the mechanism by which the series of waves of 
contraction and relaxation of the sole of the gasteropod foot in 
locomotion are produced. The musculature of the foot and the 
ordinary movements of locomotion of land gasteropods by a 
series of alternating contractions and expansions, passing as 
waves over the sole of the foot in the postero-anterior direction, 
has been described by Simroth (1878, 1879).' Simroth’s obser- 
vations were made principally on He/ix and Limax. In attempt- 
ing to correlate the form and sequence of these waves of locomo- 
tion with the structure of the musculature of the foot Simroth 
concludes that they cannot be produced by the separate or com- 
bined contractions of the oblique and the transverse muscular 
strands. The cause of the extension of the foot is to be sought 
in the active extension of the longitudinal musculature ; that is, 


when the muscle-cells making up these strands contract they 


elongate and decrease in thickness. These he therefore calls 


“extensile muskulatur” in contradistinction from the oblique 
and the .transverse muscle, which is of the ordinary contractile 
type. 

This theory of “ extensile muskulatur’’ may explain the series 
of elongations of the foot in locomotion, but the question is, Is it 
true? The theory may without much difficulty be put to the 
experimental test by any one interested. Simroth does not show 
that the muscle-cells making up the longitudinal musculature of 
the foot increase in length and decrease in diameter on direct 
stimulation or on stimulation of the pedal nerves. <A few ex- 

1Simroth, H., ‘‘ Die Thatigkeit der willkiirlichen Muskulatur unserer Land- 
snecken,’’ Zettschr. J. wiss. Zobl., XXX., p. 166; ‘Die Bewegung unserer Land- 


snecken, hauptsachlich erértert an der Sohle des Limax,’’ Zetéschr. f, wiss. Zodl., 
XXXIL., p. 284. 
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Locomotion of the snail. For description see text. 
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periments in that line would have convinced him of the fallacy 
of his theory. I have tested the longitudinal muscle of the foot 
in several gasteropods and my results go to show that there is no 
difference between the physiology of this muscle and that of any 
other muscle. On stimulation, either directly or through the 
motor nerves, the muscle-cells or strands of muscle-cells shorten 
and thicken in the usual way. These experiments may be per- 
formed with the greatest ease on the foot of Pleurobranchea, 
as the foot musculature of this gasteropod is composed of a very 
loose meshwork of septa that may be separated the one from the 
other without sufficient injury to produce extreme contraction. 
In gasteropods with very compact foot this cannot be done, as 
the injury of dissection produces extreme contraction. But even 


when the foot musculature is greatly contracted direct stimulation 


<— + 


Fic. 1. Tracings, % natural size, of the tracks of a snail moving in the manner illus- 
trated on previous page. The dotted areas are the areas covered by the mucus 
film. The arrow indicates direction of the motion. Medium-sized animal, moving 
rapidly, 


with the induced electrical current produces, not an elongation, 
but a further shortening and thickening of the muscle. In no 
case does the stimulation produce elongation of the longitudinal 
muscle strands. 

Jordan (1g01)' rejects the theory of ‘extensile muskulatur ” 
in accounting for the locomotion in the marine gasteropod 4 f/ysia, 
and ascribes the relaxation or extension of the longitudinal 
muscle of the foot to the pressure of isolated bodies of the 
visceral fluid or blood. As evidence Jordan points to small 
reservoirs or lakelets of plasma in the strongly contracted foot. 
These lakelets are constricted off from the visceral cavity by the 
contraction of the muscular septa. A body of liquid thus cut 
off from the visceral cavity may serve to produce extension of 
the longitudinal muscle at its anterior border by the force of con- 


traction of the oblique and transverse muscles at its posterior 
end. In this way we would have as many isolated bodies of 


‘Jordan, H., ‘* Die Physiologie der Locomotion bei Aplysia limacina,’’ Zezéschr. 
- Biologie, XLI., p. 196. 
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blood being gradually pushed from behind forwards in the toot 
as there are areas of relaxation on the sole of the foot. The 
presence of isolated bodies of liquid in the strongly contracted 
foot is not a sufficient evidence that they are the factors in pro- 
ducing the waves of locomotion, as similar isolated bodies of 
liquid are also found in the musculature of the contracted mantle 
(Aplysia, Pleurobranchea). 

The arrangement of the muscle in the foot and the appearance 
of the sole of the foot in locomotion are so similar in all gastero- 
pods that the mechanism by which locomotion is effected is in 
all probability the same in all. Simroth and Jordan missed the 
true explanation by not taking into account the part played by 
the musculature of the dorsal and lateral walls of the body 
cavity. 


The mode of progression of the snail which furnishes the key 


to the solution is represented in the series of diagrams on page 
2. Diagram I. represents the side view of the snail during 
ordinary locomotion. The edges of the foot touches the ground 
throughout the whole length of the animal, and a continuous 
trail of mucus marks the path of progression. When the animal 
changes this gait to that illustrated in diagrams II. to VII. the 
head is lifted from the ground and while pushed forward by the 
progression of the rest of the body the neck or successive por- 
tions of the anterior end is elongated and the diameter dimin- 
ished as it leaves the contact with the ground. In a few seconds 
the anterior third of the animal comes to assume the position 
shown in diagram II. This elongated head end is being held 
clear of the ground at an angle of 20 to 30 degrees. All this 
while the animal progresses by means of the part of the foot 
still in contact with the ground. When the anterior one fourth or 
one third of the body has attained position II., the head bends 
down so that the very anterior end of the foot again comes in 
contact with the ground. The neck and anterior part of the 
body are bent to form an arch in the manner shown in diagram 
III. The distance from the ground to the highest point of the 
curve is from 2-4 mm. The posterior end of the body now ap- 
pears literally to flow through this arch to the new point of con- 
tact (4), that is, as the posterior part of the body moves forward 
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the successive portions form their respective parts of the curve. 
The space of ground between a and @ is not touched by the foot 
in any region of the body. While the middle third of the body 
is thus pushed and pulled forward, elongating, diminishing in 
diameter and bending away from the ground to form the arch 
a-) (diagram IV.), the head end repeats the performance of dia- 
gram II. The foot at the head end continues in contact with the 
ground only for a distance of one to one and a half centimeter. 
When the head and neck bend away from the ground, the neck 
elongates as before, and we have the anterior third of the body 
in diagram IV. in a position similar to that in diagram II., the 
head ready to bend down to make a new contact (c). The next 
stage is shown in diagram V. The middle third of the body has 
advanced to the second point of contact (4) and the arch stage 
or state of elongation and decrease in diameter is being assumed 
by the last third. The head end repeats the performance of dia- 


Fic. 2, Same as Fig. 1. Portions of the track of a large specimen moving slowly. 
% natural size. 


gram I]. and IV., till in VI. it is again elongated and raised from 
the ground. The snail has now traversed a distance equal to the 
length of its own body, so that only the extreme tail end of the 
foot touches the original contact (a). The tail end is very much 
reduced in diameter at this stage. As the head bends down to 
make the fourth contact (@) the tail end is being lifted high from 
the ground and pulled up to contact 4 in the manner shown in 


diagram VII. Further progression is simply a repetition of 
these phenomena. When the whole body has come into this 
mode of progression the foot is thus in contact with the ground 
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only at three points, the intervening parts being held in the posi- 


tion of arches clear of the ground. In some instances the foot 
may be in contact with the ground only at two places, as in dia- 
gram VI. the tail end may be lifted from the ground before the 
head bends down to make the next contact. At any one time 
there will thus be two regions of elongation and decrease in 
diameter of the body and three regions of shortening and thick- 
ening of the body and vce versa. 

When moving in this manner the snail does not leave a con- 
tinuous film of mucus along its path as in ordinary locomotion, 
but a trail like the ones represented in Figs. 1 and 2 on page 2. 
These figures are traced from the tracks made by the snails 
across the table, the surface of which was covered with a thin 
layer of dust. The arrows indicate the direction of the motion, 
the dotted areas are the places touched by the foot and hence 
covered with a film of mucus. Fig. 1 is a portion of the track 
of a snail of medium size moving straight ahead at a rapid rate. 
The areas of contact of the foot with the surface are smaller and 
the further apart the quicker the progression. Fig. 2 is taken 
from the trail of a larger snail moving slowly and not in a 
straight line. The areas of contact are larger and closer to- 
gether, and may even fuse. 

This mode of locomotion enables the animal to cover the 
ground much quicker than in the ordinary way, and it was 
always resorted to by the snail studied (/e/ia dupetithouarst) 
when endeavoring to escape from an enemy. I observed it for 
the first time after having punctured the apex of the shell pre- 
paratory to injection of alkaloids into the animal. When re- 
placed on the table the snail quickly emerged from the shell and 
started this gallop across the table. But the snail will make 
use of this mode of locomotion when not in the least injured. 
For some reason I never succeeded in making a specimen move 
in this manner across a surface covered with lampblack. If a 
smoked paper was placed in the path of a galloping snail the 
animal resorted to the ordinary locomotion on touching it. I 
have not observed this mode of locomotion in the slugs (Lzmax, 
Ariolimax) or in any of the marine gasteropods. 

What is the mechanism of this mode of progression and in 
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what way does it differ from the ordinary locomotion ? Referring 
again to the diagrams on page 2 it is obvious that the series of 
changes of form and position of the anterior third of the body 
resulting in the position shown in diagram II. cannot be brought 
about by the musculature of the foot alone, even if aided by iso- 
lated bodies of liquid. The entire musculature of this end of the 
body must be brought into play. If the transverse and the 
oblique muscular strands contract gradually at successive levels 
from behind forwards simultaneous with the relaxation of the 
longitudinal muscle, this part of body would elongate and 
decrease in diameter just as actually occurs. The elevated posi- 
tion of the elongated head end is simply due to the greater relax- 
ation of the longitudinal muscle in the foot than in the dorsum. 
The pushing forward of the head end is probably aided by the 
pressure of the viscera. 

The bending down (or in any direction) of the head end is 
obviously a result of the contraction of the longitudinal muscle 
in the foot simutaneous with the relaxation of that in the dorsum. 
If we assume that the posterior half of the elongated head end 
retains the original contraction of the several muscle systems and 
thatin the anterior half the foot contracts and the dorsum relaxes, 
we have the downward movement of the head and the formation 
of the arch. The passage of the middle third of the body 
through the ascending limb of the arch is simply the continu- 


ation of the processes of contraction of the transverse and oblique 


muscle and relaxation of the longitudinal muscle which brought 
about the elongation and elevation of the head end. The same 
muscular mechanisms which must act in the latter case suffice to 
account for the former. In the descending limb of the arch the 
relation of contraction and relaxation of the systems of muscles 


is reversed. The transverse and the oblique muscles relax and 
the longitudinal muscles contract, pulling that part of the body 
forward and down to point 4 (diagram II.). Friction is prob- 
ably sufficient to prevent the head end being pulled backward 
instead of the body forward by this contraction. The lifting up 
and subsequent shortening and thickening of the tail end in 
diagrams VI. and VII. is simply a relatively sudden contraction 


of the dorsum of this part and subsequent contraction of all the 
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longitudinal muscle strands. By thus taking into account the 


entire body musculature, their coordinate contraction and relax- 


ation suffice to account for these changes in form and position 


without having recourse to any ‘“‘ extensile muskulatur’’ or series 
of isolated bodies of liquid in the foot. 

What has this mode of progression in common with the ordi- 
nary locomotion? In the chitons the dorsal shells prevent any 
considerable contraction and elongation of the dorsum. And 
even in ordinary locomotion of other marine gasteropods as well 
as of the pulmonates there is no appreciable elongation and 
shortening of the dorsum corresponding to the waves of locomo- 
tion on the sole of the foot. Nevertheless the peculiar mode of 
progression in the snail just described is probably only an exag- 
gerated’form of the ordinary locomotion. During ordinary pro- 
gression the animal assumes its greatest length and smallest 
diameter ; to account for this we need nothing further than the 
contraction of the transverse and the oblique muscles of the dorsal 
and lateral sides of the body. The waves of locomotion in the 
foot are diminutive representatives of the waves of relaxation and 
contraction illustrated in the diagrams on page 2. At the 
areas of relaxation the sole of the foot adheres closely to the 
ground, and between these points the sole is slightly elevated. 
Nevertheless a continuous layer of mucus covers the path of 
progress, as the areas of contact are close together and subse- 
quent portions of the foot occupying the same area is pulled for- 
wards a little so as to finally touch the preceding area of contact. 
There can be little doubt that the area of contact of the foot with 
the ground in any region serves as a fixed point through friction 
and acting on this the contraction of the longitudinal muscles of 
the foot pulls the neighboring portion of the body forwards. 


PHYSIOLOGICAL LABORATORY, 
UNIVERSITY OF CHICAGO. 





FORM-REGULATION IN CERIANTHUS, VIII. 
SUPPLEMENTARY PARTIAL Discs AND HETEROMORPHIC TENTACLES. 
M. CHILD. 


[ue REGENERATION OF SUPPLEMENTARY PARTIAL Discs AND 
CORRELATED REGULATION. 


[he regeneration of supplementary partial discs and tentacles 
in Cerianthus from the lateral body-wall was first described by 
Loeb (’91). The method of procedure employed in order to 
produce results of this kind was partial transverse section of the 
body-wall at one or more levels. According to Loeb it is neces- 
sary to delay the healing of the wound for a few days in order 
to bring about tentacle regeneration in connection with it. The 
regeneration of tentacles and disc always occurs in connection 
with the lower (aboral) side of the wound. The number of ten- 
tacles borne by the supplementary disc is a fraction of the whole 
number characteristic of the complete disc and varies with the 
portion of the circumference involved in the cut. When the cut 
occurs near the oral end of the body the supplementary disc 
possesses a mouth, but discs regenerated at a lower level, 2. ¢ 
further aborally, possess no’mouth. 


ss 


Loeb regarded these experiments as affording an important 
indication of the relation of growth to turgor of the cells. 
After a transverse cut is made in one side of the body-wall the 
tentacles oral to this region ‘lose their turgor’ while the other 
tentacles retain theirs. This fact, as Loeb believes, indicates that 
the distension or erection of the tentacles cannot be due to water 
under pressure in the enteric cavity since if that were the case 
an opening into the enteron would cause the collapse of all ten- 
tacles, and he concludes that the cut has in some way reduced 
the turgor of the cells, comparing the effect with the withering 
of plant tissues after the stem is cut. No suggestion as to the 
manner in which the cut effects loss of turgor in the cells of the 
tentacles is given. Certainly the case is not comparable with 


93 





94 no ap CHILD. 


that of the plant for the tissues of Certanthus are bathed internally 


and externally by water and it is very difficult to see how or why 
a cut on one side of the body at a distance of two to three cen- 
timeters from the tentacles should cause loss of turgor in those 
tentacles directly above it. There are no vessels or tubes of any 
kind running longitudinally in the body-wall. If the shock or 
irritation resulting from the cut is the cause of the loss of turgor 
why should it be transmitted only in the oral direction ? 

Apparently Loeb still holds the view originally expressed re- 
garding these phenomena for he has recently called attention to 
these experiments and to his conclusions (Loeb, ’03). As a 
matter of fact, however, the regeneration of these supplementary 
partial discs and tentacles and the reduction of the tentacles oral 
to them constitute most striking evidence in favor of the view 
that internal, ¢. ¢., enteric, water-pressure is an important regula- 
tive factor in Certanthus. There is not the slightest ground in 
support of the conclusion that the direct effect of a cut upon 
intracellular turgor extends beyond the cells in the immediate 
vicinity of the injury. 

In my own experiments both C. smembranaceus and C. solitarius 
were used, the latter species chiefly. Similar results were ob- 
tained from both species, as in the case of other regulative phe- 
nomena. Description of a few of my experiments and a brief 
analysis of the results obtained will show very clearly that the 
supplementary partial discs and tentacles regenerate in exactly 
the same manner as typical localized structures, and that reduc- 
tion of tentacles above the accessory discs is due, like other 
cases of tentacle-reduction described, to decrease in internal 
pressure. 

The experiments group themselves under several categories : 
the results differ somewhat according as the operation is within 
the cesophageal region or aboral to it; moreover, the effects of 
these operations both upon regeneration of tentacles and upon 
their reduction must be considered. I shall discuss first the 
regulation of lateral openings in the cesophageal region in rela- 
tion to tentacle regeneration, and tentacle reduction, and then 
the regulation of lateral openings in regions of the body aboral 


to the cesophagus in relation to tentacle-regeneration and reduction. 
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Supplementary Discs in the Esophageal Region. 

[he method employed in producing partial supplementary 
discs in the cesophageal region was as follows: a transverse cut 
was made in one sideof the body-wall near the middle of the 
cesophageal region (Fig. 1), thus interrupting on one side of 
the body the continuity of both cesophagus and_ body-wall, 
while on the opposite side both remained intact. Loeb removed 
small pieces of the body-wall near the middle of the cesophageal 
region in his experiments of this kind, thus preventing rapid heal- 
ing of the cut edges (Loeb, 91, text fig. 1). I found, however, that 
this was not necessary in the cesophageal region, the mere trans- 
verse slit being in most cases sufficient to bring about the desired 
results. Neither was it necessary to delay or prevent the union 
of the margins of the body-wall by artificial means such as the 
wire netting employed by Loeb for this purpose. ' 

In my experiments the pieces were usually left undisturbed 
after the operation, though occasionally it was necessary to cut 
a piece a second time in order to cause the production of a sup- 
plementary disc. Loeb (’g1, p. 56) himself noted that the cut 
showed a much stronger tendency to remain open when situated 
near the oral end, but apparently was unaware that this was due 
to the presence of the cesophagus. 

The history of tentacle regeneration in a piece of this kind is 
given as an example. 

Series 42. 

October 24, 1902. — A large specimen (C. solitarius) of normal 
appearance was subjected to the operation indicated in Fig. 1. 
First disc and tentacles were removed by a transverse cut just 
aboral to the disc. Then a transverse cut extending about half 
way through both body and cesophagus was made near the 
middle of the cesophageal region. After section the piece col- 
lapsed, as in all cases where the enteron is opened, and became 


distended only when closure of the enteron occurred, either by 


union of cut surfaces or by approximation. 

‘The meshes of this netting were somewhat smaller than the diameter of the body 
and the animals, being laid upon the netting, pushed their bodies through it, aboral 
ends first. until the level of the partial transverse cut was reached. The wires being 


forced into the cut prevented further movement and also, according to Loeb, delayed 
union of the two cut surfaces. 
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November 1.— Eight days after ‘section. On the oral end 
of the piece the cesophagus and body-wall have united about 
the whole circumference of the body, the usual result in such 
cases ; the free surfaces of the body-wall formed by the trans- 
verse cut have not united with each other, but each has united 
with the corresponding cut cesophageal surface. Fig. 2,' a dia- 
grammatic longitudinal section of the body at this stage, shows 
what has occurred more clearly than is possible by description. 
It is evident that that part of the body directly over (2. ¢., oral to) 


the lateral cut has closed in such a manner that its enteric cavity 


£19 


Fic. 2. 


| i; 


Fic. 1. 


3. 


is not in communication with that of other parts of the body nor 
with the exterior. Orally and aborally it is closed by the union 
of cesophagus and body-wall ; each intermesenterial chamber is 
separated from adjoining chambers by the intervening mesentery. 
Thus, as regards this region, conditions are similar to those ex- 


' The different regions are distinguished in these figures in a somewhat conven- 
tional manner. The old body-wall is represented by two heavy lines (ectoderm and 
entoderm ) with fine longitudinal lines indicating the longitudinal muscles between 
them. The cesophageal region is represented by a very heavy single line and regen- 
erated regions by a much lighter single line. In Figs. 7 and 8 portions of old disc 
and tentacles are represented by a double line and regenerated disc and tentacles by 


a single line. 
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isting in the cesophageal pieces described in a previous paper 
(Child, ’04¢@). Consequently water can enter this portion only 
by diffusion or as a secretion. 

The lower (7. ¢., aboral) margin of the transverse cut and the 
oral end of the body on the uncut side present similar conditions 
(Fig. 2). In both regions the union of cesophagus and body- 
wall produces conditions apparently favorable for typical tentacle 
regeneration ; in both the intermesenterial chambers are in free 
communication with the main enteric cavity and distension and 
free movement of the circulatory currents is therefore possible. 

It is clear from the diagram (Fig. 2) that each of the discs will 
form a mouth. The relations of these two mouths is also suffi- 
ciently evident from the figure. 

If the conclusions reached in preceding papers (040, ’O4¢, 
‘o4d) are valid we may expect that tentacle-regeneration will 
occur in the typical manner on the oral margins of the body of 
the uncut side and on the aboral margin of the transverse cut, 
i. é., the lower margin which corresponds to an oral end with 
respect to that part of the body aboral to it. 

On the oral end of the body over the transverse cut regener- 
ation must be delayed if internal water-pressure is effective, since 
only the slight distension due to diffusion or secretion is possible 
in this region. The history of the piece fulfills all expectations. 

For convenience the regenerating region at the oral end of the 
piece may be designated as terminal and that on the side of the 
body as lateral. It is also necessary to distinguish between the 
cut side of the body, that on which the lateral cut is made and 
the uncut side. 

Regeneration of the marginal tentacles has already begun in 
this piece (Fig. 2); the terminal marginal tentacles on the uncut 
side are 1 mm. in length, those on the cut side are minute buds 
0.25-0.5mm. in length. The lateral marginal tentacles are about 
0.5 mm. in length. In appearance they are more advanced than 
the terminal tentacles on the cut side but somewhat less advanced 
than those on the uncut side. The portion of the body between 


the lateral cut and the oral end is very evidently less distended 
than the other parts. 


November 6.— Thirteen days after section. Terminal mar- 
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ginal tentacles on uncut side 3 mm., on cut side 2—2.5 mm. ; 
lateral marginal tentacles 3 mm. The regeneration of the ten- 
tacles over the lateral cut is somewhat retarded. Fig. 3 repre- 
sents a diagrammatic longitudinal section through the cesophageal 
region at this stage. 

November 12. — Nineteen days after section (Figs. 4 and 5) 
Terminal marginal tentacles on uncut side 6-7 mm.; on cut side 
1 mm.: lateral marginal tentacles 6-7 mm. Terminal labial 
tentacles on uncut side 1 mm.:; on cut side absent: lateral labial 
tentacles 1 mm. The terminal disc on the uncut side and the 
partial lateral disc are well distended, while that part of the ter- 
minal disc which lies over the cut is collapsed and wrinkled. 


} 


The distended portion of the lateral disc and the terminal disc 


wa 
ae 


( re 
Fic. 4. 


are gradually approaching the same level. At this stage the 


regeneration of the terminal tentacles over the cut is not only 
retarded but has ceased and the tentacles are decreasing in size. 
The wrinkled appearance of the portion of the body bearing 
these tentacles shows clearly that it does not share in the dis- 
tension of the other parts. 

The diagrammatic figures (Figs. 4 and 5) represent respec- 
tively the relations of parts in longitudinal section and in oral 
aspect. In Fig. 5 the shrivelled half of the margin with its re- 
duced tentacles is clearly shown. One tentacle at each end of 
this reduced region is somewhat longer than the other reduced 
tentacles. Evidently this tentacle on each side arises over the 
intermesenterial chamber abjoining the distended part of the 


body. Probably the greater length of these two as compared 
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with the other reduced tentacles is due to the greater degree of 
distension of the intermesenterial chambers below them. It may 
be that these chambers are not completely shut off from the 
enteric cavity or possibly the pressure of the water in the dis- 
tended region causes filtration of water into these two chambers. 
Figs. 4 and 5 illustrate very clearly the relation between char- 
acteristic form and internal water pressure. 


.7 


Vorember 20.— Twenty seven days after section (Fig. 6). 


o> 


ferminal marginal tentacles on uncut side 8-9 mm.; on cut side 


barely visible 0.25 mm.: lateral marginal tentacles 8-g mm. 
lerminal labial tentacles on uncut side 2 mm., on cut side ab- 


sent: lateral labial tentacles 2 mm. The portion above the 
lateral cut is much shrivelled while all other parts are fully dis- 
tended and in good condition. The lateral and terminal discs 
are now at almost the same level (Fig. 6), the part which origin- 
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ally formed one side of the terminal disc being now represented 
only by the narrow shrivelled strip separating the two discs. 
About thirty days after section the shrivelled portion separating 
the two discs was ruptured by the increase in diameter of the 
discs. Each portion of it remained attached to the disc on its 
own side but gradually underwent atrophy. Reference to Fig. 
6 renders it evident that this shrivelled strip was all that separ- 
ated the two mouths: with its rupture the two mouths became 
one. The two discs, or two parts of the disc continued to ap- 
proach the same level, the constriction marking the region where 
the shrivelled strip stretched across (Fig. 5) gradually disap- 


peared and on December 12, forty-nine days after section the 


Fic. 6. 


specimen was normal in appearance, with marginal tentacles about 
12 mm. in length and labial tentacles about 3 mm. 

The history of other specimens of the same sort corresponds 
closely with that of the piece just described. It is possible of 
course to modify the results in various ways: for example the 
lateral cut may be made more or less deep and thus cause the 
isolation of a greater or less number of intermesenterial chambers 
above it and consequently the retardation in regeneration and the 
later reduction of a larger or smaller number of tentacles. It is 
possible to make the cut so deep that only three or four tentacles 
remain distended on the terminal disc all the rest appearing on 


the lateral disc. On the other hand, if the cut involves only a 
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small portion of the cesophageal circumference, only a few ten- 
tacles are retarded and correspondingly only a few appear on the 
lateral disc. Ifthe cut is not deep enough to reach the cesopha- 
gus, but involves only the body-wall, the cut surfaces of the 
body-wall unite within a few days and regeneration of the termi- 
nal disc proceeds in the typical manner. 

Turning now to the consideration of specimens with fully 
developed normal tentacles, the effect of a lateral cut in the 
cesophageal region is not difficult to understand if we recall the 
reduction and atrophy of tentacles in consequence of reduced 
internal pressure which was discussed in the preceding paper 
(Child, ’o4e), and if we bear in mind also the method of closure 
in series 42. For comparison with series 42 the history of a 
piece of this kind is given briefly. 


Sertes 10. 

September 12, 1902.— A specimen with marginal tentacles 
about 25 mm. and labial tentacles about 8-9 mm. in length was 
used. A lateral transverse cut extending about half way through 
the body was made in the cesophageal region as in Series 42 
(Fig. 1) but in the present case the original disc and tentacles 
were not removed as in Series 42. 

September 19. — Seven days after section. Closure has occur- 
red as shown in Fig. 7 and the specimen is distended. The ten- 


tacles on the uncut side retain their original length ; marginal 25 


mm., labial 8 mm.; those on the cut side are reduced — mar- 
ginals 15-18 mm., labials 6 mm. The portion above the lateral 
cut in which, as in Series 42, the intermesenterial chambers are 
completely shut off from the exterior and from the main enteric 
cavity, is less distended than the other portions as indicated in 
Fig. 7. In this figure only the bases of the old tentacles are 
shown but the smaller size of those on the right is indicated. 
The cut surfaces of cesophagus and body-wall on the lower 
(aboral) side of the cut have united as in Series 42 and now the 
regenerating marginal tentacles are about, 2 mm. in length on 
this supplementary disc (Fig. 7). 
October 3.— Twenty-one days after section (Fig. 8). The 
tentacles on the uncut side still retain nearly their original length 
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— marginal 20-22 mm., labial 7-8 mm. The tentacles oral to 
the lateral cut are now greatly reduced — marginal 3-4 mm., 
labial 1-2 mm. —and the tips are shrivelled ; the whole region 
above the lateral cut is greatly shrunken and wrinkled, containing 
almost no water (Fig. 8). 

Aboral to the cut the supplementary tentacles have regenerated 
in the typical manner — marginals 10 mm., labials 3-4 mm. 
[he new supplementary disc on the right, and the left half of the 
old disc now lie at nearly the same level. 

A few days later the shrivelled strip bearing the reduced ten- 
tacles was ruptured and a part dropped off. The remaining por- 
tions underwent complete resorption within a few days, and a disc 
of typical form resulted. One half of this disc represented what 


remained of the old disc and its tentacles were the tentacles of 


/ 


the original specimen ; the other half was the regenerated sup- 


FG. 7 


/ 


plementary disc. The tentacles on the old portion were still 
considerably longer than on the regenerated portion, but a 
gradual equalization in length occurred as might be expected 
since conditions of internal pressure are similar about the whole 
circumference. 

The history of other similar specimens is similar in all essential 
respects to that described, though the number of tentacles which 
undergo atrophy vary according to the size of the lateral cut. It 
is possible to modify, these experiments in many ways but in 
every case that part which has no communication with the main 
enteric cavity or the exterior and so does not remain distended 


undergoes atrophy, while those regions in which internal pres- 
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sure persists either retain their form and size or regenerate as 
the case may be. 

The atrophy of the tentacles above the cut in series 10 is very 
clearly due to the same factor which caused retardation in 
regeneration and later reduction and atrophy of the tentacles 
over the cut in series 42. In both cases the conditions in the 
strip above the lateral cut are exactly similar to those which exist 
in cesophageal pieces (Child, ’04@). Comparison of the history 
of these strips with that of the cesophageal pieces will show that 
both are affected in exactly the same way. Some degree of 
internal pressure may be established by osmosis or secretion after 
closure, but this gradually diminishes, the tentacles atrophy, and 
the whole piece shrivels and finally breaks up. 

The relative change in level of the two partial discs, which 
results in the production of a disc of typical form and in typical 
position with respect to the body axes, is a features of special 
interest. It is impossible to determine from the appearance after 
regulation is completed whether the lateral supplementary disc 
moves orally to the level of the old disc, or zce versa, or finally 
whether both change their level, the old partial disc moving 
aborally and the new orally until they attain approximately the 
same level. 

There is always in a regenerating end a certain amount of 
growth in the oral direction due undoubtedly to internal pres- 
sure. The supplementary partial disc changes its level in the 
oral direction in consequence of growth. This change brings it 
nearer to the level of the old disc, which of course has not been 
altered since its tissues are fully differentiated and not in a con- 
dition for rapid growth. Probably this oral movement of the 
regenerating disc is sufficient, when it is situated in the cesopha- 
geal region, to bring it approximately to the same level as the 
old disc. If differences in level remain after the regenerative 
growth is completed, I think it is probable that further regulation 
may occur in the manner discussed in connection with oblique 
pieces (Child, ’04¢@), viz., through the attempt of the animal to 
orient disc and body-axis in a definite manner. In the pieces 


with supplementary partial discs in the cesophageal region the 


difference of level between the supplementary disc and the old 
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disc is greater during the contracted condition than during dis- 
tension, as in pieces with oblique discs. This fact indicates that 
the muscles of the body-wall below the supplementary disc are 
more completely relaxed during distension and orientation than 
those of the opposite side (Child, ‘o4d). The tissues gradually 
adapt themselves to the altered conditions and the final result is 
the form in which orientation in the typical manner is possible, 


?. ¢., the typical or normal form. 


Supplementary Partial Discs Aboral to the G:sophagus. 

Loeb (’91) found it possible to produce the partial discs at any 
level of the body except the extreme aboral region, but stated 
that the tendency to closure of the cut without the formation of 
a new disc is greater in the middle region than near the oral end. 
Moreover, he found that the partial discs produced in the middle 
region were without mouth-openings. 

My results agree with Loeb’s in regard to these points, but, 
since he did not turn his attention to the internal anatomy nor 
investigate the nature of the distension, the reasons for these dif- 
ferences did not become apparent to him. Apparently he was 
not even aware that in making the lateral cut near the oral end 
he was cutting into the cesophagus, while farther aborally only 
the general enteric cavity was opened. I desire, therefore, to 
point out certain very definite reasons why the results should 


differ according to the position of the lateral cut in the cesopha- 


geal region or aboral to it. 

There are several points to be considered, but the question as 
to the effect of the lateral cut on the tentacles directly oral to it 
naturally takes precedence as one of the immediate consequences 
of the cut. 

According to Loeb, a lateral cut in the middle or aboral region 
of the body does not cause any permanent difference between the 
tentacles directly oral to it and the others ; here also my results 
agree with his. His Figs. 2 and 3 show cases of this kind in 
which the tentacles at the oral end are equal in length about the 
whole circumference. 

If the collapse and reduction of tentacles be due to loss of in- 
tracellular turgor in consequence of the cut there is no reason 
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apparent for the permanent reduction of the tentacles after a cut 


near the oral end and the absence of any such effect after a cut 
near the middle. The difference in the distance between cut and 
tentacles in the two cases is certainly not sufficient to justify the 
conclusion that in the one case a shock or stimulus of some sort 
reaches the tentacles while in the other case it does not, nor can 
it serve as a basis for explanation if the change be regarded as 
simply osmotic in nature, not as a reaction to a stimulus. 

If, however, we consider the difference in the relations of parts 
in the two regions of the body and the effect upon the internal 
pressure all difficulty disappears. If the lateral cut be made at 
any of the levels indicated in Fig. g it will simply enter the in- 
termesenterial divisions of the enteron which open axially into 
the central cavity everywhere aboral to the cesophagus, since the 
axial margins of the mesenteries hang free in the cavity. There 
is nothing with which either margin of the cut can unite except 
the other margin. When cuts at these levels close they can 
close only by means of union of the cut edges. It follows that 
the same relations between the part oral to the cut and the other 
regions of the body are not altered by the cut. 

The immediate consequence of such a cut is loss of water from 
the enteron and complete collapse of body and all tentacles. In- 
rolling of the body-wall adjoining the cut soon begins and ap- 
proximation of the inrolled portions is brought about by the 
elasticity of the other parts of the body-wall — especially that of 
the opposite side of the body (Child, ’o4a, Figs. 8 and 9). Oc- 
casionally when the cut is not far below the aboral end of the 
cesophagus, the contraction of the body-wall and of the thick- 
ened mesenterial margins and filaments in consequence of the cut 
almost or quite closes the intermesenterial chambers between the 
cut and the aboral end of the cesophagus. It follows that when 
water again enters the enteron through the cesophagus other re- 
gions will become distended, but these will not and consequently 
the corresponding tentacles will remain collapsed. At this stage 
the internal pressure is always much lower than that in normal 
animals since increase of the pressure beyond a certain point 
causes the approximated margins of the cut to separate and the 
water is lost. The point to which I wish to call attention, how- 
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ever, is this: when the lateral cut is only slightly aboral to the 
cesophagus the intermesenterial chambers oral to the cut may be 
closed temporarily and so the tentacles corresponding to them 
may remain less distended than the others as long as this condi- 
tion continues. This difference is due simply to mechanical 
plugging of the openings of the intermesenterial chambers at the 
aboral end of the cesophagus and the consequent exclusion ot 
water. As soon as the cut is actually closed by new tissue the 
increasing distension causes stretching of the body-wall and mes- 
enteries and the closure of the chambers can persist no longer. 
The tentacles in this region now become as fully distended as the 
others and since the period of their collapse is usually short in 
such cases, are soon equal in length to the others. If the inter- 
mesenterial chambers remain contracted and plugged during a 
long time considerable reduction of the corresponding tentacles 
may occur. Cases of this kind have occurred frequently among 
my specimens and it was always evident that the contracted con- 
dition of parts about the cut and especially oral to it was respon- 
sible for the absence of distension in tentacles oral to this region. 
If the collapse were osmotic in nature, as Loeb believes, there is 
no reason apparent why it should be permanent when the cut is 
in the cesophageal region and only temporary when the cut is a 
few millimeters lower. 

Loeb found that lateral cuts in the middle and aboral regions 
showed a much greater tendency to close by union of their mar- 
gins than those near the oral end. He does not attempt to ac- 
count for this difference in any way, but the reason is evident at 
once when the part played by the cesophagus is understood. In 
the cesophageal region the cut margins of cesophagus and body- 


wall almost always come into contact in consequence of the in- 


rolling (Fig. 2). The distension following union of the parts 


prevents the two cut surfaces of the body-wall from coming into 
contact with each other and, therefore, they never unite and an 
opening remains which is in reality a new mouth. If they hap- 
pen to come into contact with each other instead of with cesoph- 
ageal cut edges they unite but the usual result is determined 
by the fact that conditions are much more favorable for the union 


of body-wall and cesophagus than for body-wall and body-wall. 
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On the other hand, if the cut is below the cesophagus the only 
possible union is body-wall and body-wall (Fig. 10). If the ani- 
mal is left undisturbed the cut will close in the typical manner, 
and as soon as distension occurs the relations of parts are once 
more normal in all essential respects (Fig. 11). Both Loeb and 
myself agree that under these circumstances a formation of a sup- 
plementary disc is not possible. 

It now remains to consider how conditions are altered if the 
animal is inserted into a mesh of the netting (see above, p. 95), 


| 
3 


4 


13. 


IG. 34. 


f 

{ 
used by Loeb to cause the appearance of the supplementary 
disc. 


», 15 


In Figs. 12, 13 and 14 the result of using the netting is 
shown. As long as the body is collapsed the netting has little 
effect (Fig. 12). Indeed, in my experience collapsed specimens 
react much less readily than others, and orientation in the 
netting rarely occurs until the animal is at least partly dis- 
tended. It follows from this that the formation of supple- 
mentary discs after use of the netting is not necessarily due to 


delay in closure. As distension with water gradually occurs 





108 Cc. MM. CHILD. 


after closure the diameter of the body increases, but the wires of 
the netting prevent increase in diameter in the region of the cut. 
The result is indicated by Fig. 13. The thin, delicate new tissue 
is chiefly affected, being stretched in the direction of the tension, 
or more probably undergoing rapid growth in response to it 
Thus a deep groove is formed on one side of the body and on 
the aboral side of this groove the new tentacles of the supple- 
mentary disc appear (Fig. 14). 

Apparently the netting has merely prevented the body-wall 
from assuming the form shown in Fig. 11, or, in other words, it 
has prevented the obliteration of the angle in the body-wall due 
to inrolling, and has in fact made this angle less obtuse (cf. Figs. 
12 and 13). If this conclusion be correct, and there is little 
room for doubt, it follows that the appearance of the supple 
mentary disc is due, not to the presence of the cut, but to the 
bending inward of the body-wall in such a manner as to form in 
longitudinal section an angle opening aborally. But how can the 
formation of this angle determine this region for the formation of 
tentacles? The only answer to this question which seems to me 
at all satisfactory is the suggestion already made (Child, 044, 
’o4c, 04d) that the circulatory currents passing orally along the 
body-wall in each intermesenterial chamber strike against the in- 
rolled body-wall and so produce areas of increased pressure to 
which the tissues react by growth and tentacles appear. The 
arrows in Figs. 11-14 indicate these currents. In no case within 
my experience have tentacles been seen to arise otherwise than 
on an inrolled portion of the body-wall. Ordinarily of course the 
inrolled region is a cut edge, but here the cut closed before the 
inrolling was brought about to any great extent. 

If the formation of the angle in the body-wall instead of the 
presence of a cut surface is the essential condition for tentacle for- 
mation, it should be possible to bring about tentacle formation at 
any level capable of growth by constricting the body just oral to 
this level. I have attempted many times to carry out experi- 
ments of this kind by ligaturing the body at some level. All of 
these attempts have failed because the specimens parted in the 


plane of the ligature after a few hours if this was tied tightly, or 
crept out of it if it was at all loose. I am firmly convinced, how- 
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ever, that the production of these supplementary discs and ten- 
tacles at any level of the body capable of growth is possible 
without the presence of a cut surface, and I predict that as soon 
as a method is devised for retaining a sufficient local constriction 
at the same level for a few days without causing injury to the 
body-wall, the production of tentacles without relation to cut sur- 
faces will be possible in Certanthus. 

Like the tentacles on the lower margin of an oblique piece 
(Child, ’o4@), the tentacles below a lateral cut when once growth 
has begun, continue to grow even though the animal is removed 
from the netting. By this time union of body-wall and mesen- 
teries in the new relations is sufficiently advanced to cause the 
persistence for a time of the fold formed by the netting. In most 
cases, however, the fold is gradually obliterated by the internal 
pressure and the supplementary disc protrudes from the side of 
the body (Fig. 15). 

Loeb called attention to the fact that only those supplementary 
discs which are situated near the oral end of the body possess 
mouths, the others consisting merely of a partial ring of tentacles 
arising from a small surface resembling part of a disc but com- 
pletely closed. Comparison of Figs. 2, 3, 4, 6, 7, 8 with Fig. 
15 will show the difference in character of the supplementary 
structures at different levels. It is evident at once that the 
presence of the cesophagus is responsible for the formation of the 
new mouth in supplementary discs near the oral end. Aboral to 
the cesophagus there is nothing with which the cut edges of the 
body-wall can unite to give riseto anew mouth. If acut passing 
nearly through the body is made aboral to the cesophagus then the 
inrolled cut margins aboral to the cut unite with the cut ends of 
mesenteries over a large part of the circumference and are held in 
the inrolled position long enough for the formation of a new 
mouth. As a matter of fact, however, in such cases the part of 
the body oral to the cut, being united with the aboral portion 
only by a slender strip of the body-wall; separates after a few days 
and the regenerating disc is no longer supplementary but terminal 
on the aboral piece and regenerates in the typical manner. Owing 
to this separation I have not yet succeeded in bringing about the 
production of supplementary discs with mouths in the region 
aboral to the cesophageal region. 
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As regards the relation between rapidity and amount of growth 


and the level at which these supplementary discs are situated, my 


own observations agree with those of Loeb. He found that the 
rapidity and amount of growth decreased with increasing distance 
from the oral end and that the extreme aboral region was incapa- 
ble of producing supplementary discs. These results also agree 
with the observations described in my second paper (Child, ’034 
concerning the effect of position upon rapidity and amount of 
regeneration. 
General Considerations. 

The formation of supplementary discs constitutes another 
chapter of evidence onthe role of internal water-pressure in regu- 
lative processes in Certanthus. It is scarcely necessary, I think, 
to devote further space to the consideration of Loeb’s view that 
tentacle-reduction is due to loss of intracellular turgor. It cer- 
tainly does not account for the observed facts to which Loeb 
attempts to apply it. A knowledge of the structure of the animal 
would have made such conclusions impossible. 

These experiments show most clearly that continuous or nearly 
continuous tension due to internal pressure is absolutely essential 
for the persistence of form and structure in Certanthus. In its 
absence atrophy always occurs. 

Doubtless various changes in the intracellular turgor occur 
during reduction and atrophy but these must be regarded a 
result rather than a cause, for so long as the tissue is subjected 
to the tension caused by internal water-pressure these changes 
in turgor do not occur. 

The fact that the changes in Certanthus which Loeb regarded 
as change in turgor are not such does not of course detract in 
any way from the value of the osmotic hypothesis in general. 
It is important, however, that the effects of distension of internal 
cavities with water or other fluids should be distinguished from 
the effects of intracellular phenomena. The case in hand is simply 
an incorrect application of the osmotic hypothesis. 

On page 57 Loeb (’91) makes the following statement regard- 
ing the supplementary disc formed in the middle region of the 
body: “ Diese neugebildete Kopf, b. Fig. 2, scheint ganz auf 
dem Ektoderm zu sitzen.” It would not have required an ex- 
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tended examination to show the incorrectness of this conclusion. 
These lateral discs are no more wholly ectodermal than the 
terminal discs of normal animals (see the figures of this paper). 


HETEROMORPHIC TENTACLES. 
Experiments. 


In two cases among the hundreds of pieces examined the 
appearance of tentacles on the aboral end of a piece has been 
observed. Both cases occurred in a single series and were 
apparently due to closure of the pieces in a peculiar manner. 
Although numerous attempts to obtain additional cases were 
made, none were successful, the pieces failing to close in the 
proper manner. I have little doubt that whenever closure takes 
place in a certain manner to be described heteromorphic tentacles 
will be formed. 

The pieces which afforded this peculiar result belonged to a 
series intended for the study of the possible methods of closure. 
The pieces were prepared as follows. A piece was cut oral to 
the middle of a specimen by two transverse cuts as indicated in 
Fig. 16. The oral end of the piece was in all cases just below 
the disc in the cesophageal region, the aboral end a considerable 
distance aboral to the aboral end of the cesophagus. The cylin- 
drical piece thus obtained was divided longitudinally into halves 
as indicated by the small diagram to the right of Fig. 16. Each 
piece then represented half of the circumference of the body and 
cesophagus. The body-wall of the piece was bounded on all 
sides by cut surfaces, two transverse at the ends and two longi- 
tudinal at the sides. The portion of the cesophagus in the piece 
was bounded orally and laterally by cut surfaces, but aborally it 
terminated in the normal manner. 


Pieces of this kind close in various ways. Some roll up 
longitudinally and form almost perfectly typical animals, others 
roll in part longitudinally and in part transversely and the cut 
surfaces of cesophagus and body-wall unite according to chance, 
t. €., union of the adjacent cut surfaces occurs, whatever these 


may be. Many bizarre forms are produced, but they afford 


nothing new in principle. One important fact is shown by 
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many pieces including the two which possess special interest at 
present, viz.,that the aboral end of the cesophagus, although 
not a cut surface is capable of union with a cut surface. It is of 
interest in this connection to note that nowhere else in the body 
does the body-wall terminate in a free margin. This free margin 
behaves like a cut surface and may like any cut surface give rise to 
new tissue after union with another cut surface (see Child, ’o4a). 

In cases where these pieces succeed in rolling up longitud- 
inally so that the longitudinal cut surfaces of body-wall and 
those of the cesophagus unite, a more or less typical mouth and 
cesophagus result from the union and regeneration may proceed 


in an almost typical manner. Usually, however, the cesophagus 


unites with the body-wall as in cesophageal pieces (Child, ’04¢) 


either on all sides or partially. Aboral union between cesoph- 
agus and body-wall is made possible by the bending orally of the 
aboral part of the body-wall so that aboral end of the cesophagus 
and aboral cut surface of the body-wall unite. In all cases 
where union between cesophagus and body-wall occurs elsewhere 
than at the oral end a closed piece without a mouth is the result 
and a mouth cannot regenerate. Since there is no communi- 
cation between enteron and exterior in such pieces it might be 
expected that they would behave as regards tentacle-regenera- 
tion like the cesophageal pieces (Child, ’o4d) 7. ¢., that they 
would become slightly distended at first and regenerate small 
tentacle-buds but would afterwards collapse and the tentacles 
would be reduced. Asa matter of fact, however, these pieces 
though never approaching pieces which possess mouths often 
show a far greater power of tentacle-regeneration than cesoph- 
ageal pieces. They frequently regenerate tentacles 5-6 mm. in 
length, 7. ¢., twice as long as those of the best cesophageal 
pieces. They may remain distended for a month or more but 
sooner or later collapse occurs and the tentacles undergo reduc- 
tion. Since these pieces are completely closed like the cesoph- 
ageal pieces they can become distended only as fluid passes 
through the body-wall (’04@). The important point is that the 
distended condition continues for a much longer time than in 
cesophageal pieces. The reason for this difference is probably 


to be found in the fact that pieces cut as in Fig. 16 contain not 
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only the entoderm of the cesophageal region but the great mass 
of mesenterial differentiations aboral to the cesophagus, ¢. ¢., the 
chief digestive region of the entoderm. There is little doubt 
that processes of secretion are much more active and persistent 
in this region than in the cesophageal entoderm, and consequently 
the quantity of fluid reaching the enteron either in connection 
with the secretory process or by osmosis through the body-wall 
in consequence of the presence of soluble substances secreted 
into the enteron is greater than in cesophageal pieces and disten- 
sion continues for a longer time. Whatever the exact explana- 
tion may be the fact is patent in all cases. As will appear below, 
it is perhaps of considerable importance in connection with the 
appearance of heteromorphosis. 

The pieces of this series were prepared September 26, 1902. 
All pieces were observed at intervals after the operation and 
among the methods of closure were found those represented 
diagrammatically in longitudinal section in Figs. 1g and 26. The 
body-wall and the cesophagus are indicated as in previous fig- 
ures. In Fig. 26 the aboral end of the body-wall has bent over 
orally much farther than in Fig. 19. In both cases, however, 
the margin of the body-wall has united on all sides with that of 
the cesophagus, thus forming a closed piece composed partly of 
cesophagus and partly of body-wall. The enteric cavity of this 
piece is of course the enteric cavity of the lateral half of the body 
in the region from which it was taken. In Figs. 19 and 26 the 
external surface of the cesophageal portion on the right of the 
figure is ectodermal, but in the normal animal formed the axial 
surface of the cesophagus. The only essential difference between 
such pieces and cesophageal pieces (Child, ’04d@ ) consists in the 
greater length of the body-wall in the former. 

Tentacle-regeneration at the oral ends of the pieces occurred 
in the typical manner (Figs. 20 and 27), each producing about 


7 
half the number of tentacles possessed by the parent specimen, a 


result to be expected from the number of intermesenterial cham- 
bers contained in each piece. 

About two months later (November 20) two of the pieces 
showed tentacles beginning to develop on the aboral ends. One 


of these pieces is shown in Fig. 17. The tentacles on the oral 
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end had already attained their maximum development and were 
undergoing reduction, and in the case of the marginal tentacles, 
atrophy. On the aboral end of the piece four tentacle-buds ap- 
pear. These seem to arise either from the cesophageal tissue or 


from the line of union between the aboral end of the cesophagus 


and the body-wall. The relations of parts is illustrated by the 


\ 


Fic. 26. 


diagrammatic longitudinal sections, Figs. 19-22. Figs. 19-21 
show the closure and the course of regeneration during the first 
two months. Fig. 22 represents a section of the stage shown in 
Fig. 19, and here the relation of the aboral tentacles and cesoph- 
agus and body-wall is seen. During the following months 
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the number of aboral tentacles increased (Fig. 18, December 28) 
though the piece as a whole was undergoing reduction in size. 
Fig. 23 represents the section at this stage. 

The other piece in which aboral tentacles developed is shown 
in Fig. 24 as it appeared two months after the operation (Novem- 
ber 20). The method of closure in this piece differs somewhat 
from that occurring in the first: Figs. 26-28 illustrate this point. 
It will be seen that the aboral end of the body-wall bent orally 
much further than in the first piece (cf. Figs. 19 and 26), but 
also united with the aboral end of the cesophagus. It is probable 
that the piece was longer than the preceding. The difference in 
method of closure is readily accounted for by such difference in 
length. At the stage shown in Fig. 24 the aboral tentacles were 
beginning to develop. Fig. 28 is a diagrammatic section of this 
stage. Figure 25 represents a side view of the piece a month 
later (December 28). As the figure shows, the large tentacle in 
the middle arose just over the region where the body-wall folded 
longitudinally upon itself. (The shading of the body-wall repre- 
sents the longitudinal striping.) All tentacles to the left of this 
large tentacle are upon the oral end of the piece, and all to the 
right are aboral. Six aboral tentacles appeared on this piece in 
addition to the single tentacle which can scarcely be regarded as 
either oral or aboral. In this case, as in the preceding, the aboral 
tentacles arose either from the cesophagus or from the line of 
union between it and the body-wall (Fig. 28). 

Figs. 19-23 and 26-28 show that reduction of the body-wall 
is more rapid than reduction of the cesophageal region. This 
difference is probably correlated with functional differences in 
the tissues. Normally the body-wall is subjected to greater ten- 
sion than the cesophagus, for the two sides of the latter are sim- 
ply appressed during distension of the body. This being the 
case, it follows that conditions of tension depart less widely from 
the norm for the cesophagus than for the body-wall in these 
pieces, hence the more rapid change in the latter. 


General Considerations. 


These aboral outgrowths have been called tentacles for, in my 


opinion no ground exists for believing that they are anything 





116 S 2. Cee. 


else. It is evident from Figs. 17 and 24 that they arise in con- 
nection with intermesenterial chambers, for the lines extending 
aborally from the bases of the oral tentacles represent grooves 
marking the lines of attachment of the mesenteries to the cesoph- 
agus. Moreover, Fig. 24 shows that the aboral tentacles arise 
from those intermesenterial chambers which are least contracted 
for the only intermesenterial chambers which are at all distended 
at the aboral end are those from which the aboral outgrowths 
arise. In these respects these structures resemble the normal 
tentacles, and these facts lend color to the view that the condi- 
tions of origin of these aboral tentacles are similar to those of the 
normal tentacles. 

In Figs. 19-23 and 26-28 the course of the intermesenterial 
circulatory currents is represented by arrows. These pass orally 
along the body-wall and aborally along the cesophagus. In 
both pieces the aboral end of the cesophagus bulges outward 
just oral to the line of union with the body-wall. 

From Figs. 20 and 27 it is seen that this condition presents an 
obstruction in the course of the current in the aboral direction 
along the cesophagus, 7. ¢., local pressure upon the wall may 
occur. Except that they are reversed in position conditions here 


do not differ essentially from those described above leading to 


the formation of supplementary discs in the middle region (see 
Figs. 12-14). In brief, the suggestions regarding local pressure 
due to circulatory currents are as readily applicable to these 
cases as to the normal oral tentacles. Moreover, there is no 
adequate explanation on any other basis for the fact that these 
aboral tentacles arise from cesophageal tissue, or from the line of 
union between cesophagus and body-wall, rather than from the 
body-wall, like tentacles at the oral end. In my opinion the 
occurrence of these heteromorphic tentacles constitutes another 
important piece of evidence in support of the views already set 
forth (Child, ’044, ’o4c). The case of the single large tentacle 
which arose from the new tissue at the union of cesophagus and 
the folded body-wall (Fig. 25) is peculiar. The size of the ten- 
tacle is probably due to the greater distance between mesenteries, 
itself the result of stretching or growth of the new tissue at this 


point. The impossibility of ascertaining the exact internal con- 
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dition in this case is evident. Opening of the piece must of 
course lead to extensive contraction, and fixation of these forms 
likewise causes extreme distortion as regards details, even after 
anesthesia. In external examination of the piece it could be 
seen, however, that a wide space between mesenteries existed 
here in the new tissue and from this region the large tentacle 
arose. What the course of the circulatory currents may have 
been it is also impossible to say. The parts which fused about 
this region were a part of the aboral end and a part of the longi- 
tudinal cut surface of the cesophagus, a part of the aboral end, 
the longitudinal cut surface and a part of the oral end of the 
body-wall. It is not impossible that both orally directed cur- 
rents along the body-wall and aborally directed currents along 
the cesophagus may have been concerned. Moreover, regulative 
changes may have occurred in the distribution and direction of 
movement of the cilia. Thus, except for the great space between 
mesenteries, there is no definite evidence regarding the special 
factors concerned in the origin of this peculiar tentacle. Never- 
theless, I think the conclusion is justifiable that the conditions of 
origin are not different in this case from those in cases already 
discussed. It is certain at any rate that some degree of disten- 
sion is necessary for the formation of these aboral tentacles. 

One important difference between the aboral tentacles and oral 
tentacles appears in both pieces, viz., the difference in time of 
appearance. In both cases the marginal tentacles at the oral 
end appeared within a few days after section, and the labial ten- 
tacles somewhat later, but the tentacles on the aboral end appeared 
only after about two months when the internal pressure was de- 


creasing and the pieces were becoming reduced in size. This 


difference in the time of appearance directs attention to an impor- 
tant problem, viz., that of polarity so-called. Is the later ap- 
pearance of the tentacles at the aboral end to be accounted for 
by a difference in physiological condition between the two ends 
such that under stimuli the oral end gives rise to tentacles in a 
much shorter time than the aboral end or is it possible that in 


consequence of the chance relations between mesenteries cesopha- 
gus and body-wall in the two cases cited the stimulus became 
effective only at a much later stage than at the oral end ? 
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The data afforded by the two pieces do not permit a decision 
between these alternatives. It is probable that extensive modifi- 
cations of the greatly thickened and differentiated mesenterial 
margins aboral to the cesophagus occurred before relations be- 
tween the intermesenterial chambers and the aboral end of the 
piece approached those at the oral end. If this is the reason for 
the late appearance of the aboral tentacles it is unnecessary to 
assume that the tissues of the aboral end are less capable of 
forming tentacles under proper conditions than those of the oral 
end or in other words the difference in the time of appearance of 
oral and aboral tentacles does not indicate the existence of a 
physiological polarity except so far as the structure at the aboral 
end was originally different from that at the oral end. 

On the other hand it may be that the aboral ends of such 
pieces are inherently less susceptible to tentacle-forming stimuli 
and that, therefore, action of the stimuli during a much longer 
time than at the oral end is necessary. If it shall be possible in 
the future to obtain sufficient material of this kind for a thorough 
histological examination of the alterations in the mesenteries at 
the aboral ends of pieces we shall be better able, perhaps, to de- 
cide the question. 

The cesophageal pieces described in a previous paper (Child, 
’04d@) present conditions somewhat similar to those in the two 
pieces with heteromorphic tentacles, in that the cesophagus unites 
orally and aborally with the body-wall forming a series of closed 
intermesenterial chambers within which the circulatory currents 


pass orally on the body-wall and aborally on the cesophagus. If 


these currents are factors in tentacle-formation and if they are 
equal in force in both directions it would seem that tentacles 
must appear on both oral and aboral ends of such pieces at the 


same time. Yet in no case has such a result been attained. 


The cesophageal pieces regenerate short tentacles on the oral 
end, but the internal pressure soon disappears and regeneration 
is replaced by reduction. In the two pieces described in the 
present section the internal pressure continues for a much longer 
time than in the cesophageal pieces. It appears from this that - 
cesophageal pieces might produce aboral tentacles if the internal 
pressure continued for a sufficiently long time. But even if this 
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should prove to be the case the question as to polarity or struc- 
tural conditions as the cause of the difference of time in the ap- 
pearance of tentacles at the two ends would remain to be de- 
cided. In the cesophageal pieces, however, the structure and 
relations of mesenteries at the two ends are essentially the same, 
no more modification being necessary at one end than at the 
other to produce typical structural conditions for tentacle-forma- 
tion. Since this is the case the absence of tentacles on the aboral 
ends of cesophageal pieces seems at present to indicate that the 
difference between the two ends as regards tentacle-formation 
consists in something else than gross structural relations of parts, 
i. ¢., that some kind of polarity exists. 

The nature of organic polarity is at present exceedingly ob- 
scure, but it is well known that the polarity of pieces as regards 
regeneration is dependent upon the previous relations of the 
pieces as partsofa whole. In pieces of the lower forms, such as 
Hydra, other hydroids, Planaria, etc., the polarity may not be 
manifest in any distinct structural differentiation at the two ends, 
but merely in their functional condition. The piece, retaining 
more or less completely the functional capacities of the whole 
from which it was taken, uses, or attempts to use, its parts ina 
similar manner, 2. ¢., the piece, in continuing its functional life, 
attempts in some degree to use its aboral or posterior end as the 
aboral or posterior end of the whole is used, and the same is true 
of its anterior end. The functional stimuli affecting these parts 
are similar to, though perhaps less powerful than those in the 
whole. It is probable that the regeneration of the characteristic 
structures at the two ends is closely correlated with these stimuli. 
When we can alter the conditions so that the aboral or posterior 
end is affected by external stimuli which typically affect the oral 
or anterior end while the “internal polarity’’ remains the same, 
the result depends upon the relative value of external and internal 
conditions as formative factors. Frequently in such cases the 
regeneration is delayed ; apparently because of the ‘‘ confusion ”’ 


of stimuli, 2. ¢., the original stimuli and those resulting from the 
atypical orientation. Finally one or the other dominates and the 


“polarity” either remains as it was originally, or is reversed. 


In more highly organized forms, where internal factors are much 
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more affective than external, reversal of polarity is rarely or never 
possible. 
I think it probable that there is a difference in functional con- 


dition between the two ends of the pieces of Cerianthus, in con- 


sequence of which the one end is functionally oral and the other 
aboral. But if the aboral end be subjected to conditions which 
typically affect only the oral end, and if these conditions continue 


for a sufficiently long time, the response takes place and struc- 


tures typically oral in character appear on the aboral end. 
Whether the inherent polarity or the altered external conditions 
will dominate in any particular case can be determined only by 
experiment. 
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SUMMARY. 


1. Supplementary partial discs with a number of tentacles cor- 
responding to that portion of the whole circumference which 
they represent can be produced from lateral transverse cuts in the 
body-wall of Cerianthus. 

2. If the lateral cut is in the cesophageal region and is deep 
enough to involve the cesophagus the supplementary disc pos- 
sesses a mouth because the cut surfaces of the body-wall unite 
with the cut surfaces of the cesophagus, thus forming a second 
opening into the cesophagus. If the cut is below the cesophageal 
region the supplementary disc possesses no mouth. In the 
extreme aboral region of the body the formation of supplementary 
discs does not occur. 

3. When the lateral cut is made in the cesophageal region the 
permanent collapse and atrophy of the tentacles and region 
directly above the cut occurs, or if these have been removed their 
regeneration is retarded and atrophy occurs after atime. This 
collapse and atrophy is due, not to loss of intracellular turgor 
but to decrease in the internal water-pressure since the enteric 
cavity of the region above the cut is completely shut off from the 
general enteric cavity and from the exterior. 

4. In two cases the formation of tentacles on the aboral end 
of a piece of certain form was observed. In both of these cases 
the conditions of internal pressure were apparently similar to 


those which exist at the oral end, but the less rapid regeneration 


of the aboral tentacles indicates either a difference in structural 
relations at the two ends or a difference in ‘“ polarity.”’ 
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